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FOREWORD 

Section 304(a)(l) of the Clean Water Act of 1977 (P . L. 95-217) 
requires the Administrator of the Environmental Protection Agency to 
publish water quality criteria that accurately reflect the latest 
scientific knowledge on the kind and extent of all identifiable effects 
on health and welfare that might be expected from the presence of pollutants 

: in any body of water, including ground water. This document is a revision 
of proposed criteria based upon consideration of comments received from 
other Federal agencies, State agencies, special interest groups, and 

t individual scientists. Criteria contained in this document replace 

) 

any previously published EPA aquatic life criteria for the same pollutant(s). 

The term "water quality criteria" is used in two sections of the 
Clean Water Act, section 304(a)(l) and section 303(c)(2). The term has a 
different program impact in each section . In section 304, the term 
represents a non-regulatory, scientific assessment of ecological effects. 
Criteria presented in this document are such scientific assessments. If 
water quality criteria associated with specific stream uses are adopted 
by a State as water quality standards under section 303, they become 
enforceable maximum acceptable pollutant concentrations in ambient waters 
within that State. Water quality c r iteria adopted in State water quality 
standards could have the same numerical values as criteria developed 
under section 304. However, in many si t uations States might want to adjust 
water quality cr i teria develooed under section 304 to reflect local 
environmental conditions and human exposure patterns before .incorporation 
into water quality standards. It is not until their adoption as part of 
State water qualitY. standards that c riteria become regulatory. 

Guidelines to assist States in the modification of criteria presented 
in this document, in the development of water quality standa rds, and in 
other water-related programs of this Agency, have been developed by EPA . 

William A. Whittington 
Director 
Office of Water Regulations and Standards 
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Intr oduct ion* 

Zinc is the fourth most widely used metal in the world (C~mmarota 

1980), and its major uses are for galvanizing steel, for producing 

alloys, and as an ingredient in rubber and paints. Because zinc(II) 

substitutes to some extent for magnesium in the silicate minerals of 

igneous rocks, weathering o f bedrock gives rise to zinc in surfac e water. 

Zinc always has the oxidation state of +2 in aqueous solution. Zinc(II) 

is amphoteric, dissolving in acids to form hydrated Zn(II) cations and in 

strong bases to form zincate anions, usually Zn(OH)4- 2 . Complexes of 

zinc with the common ligands of surface waters are soluble in neutral and 

acidic solutions, so that zinc is readily transported in most natural 

waters and Ls one of the most mobile o f the heavy metals. Concentrations 

of zinc in uncontaminated fresh water are typically in the range of 0.5 to 

10 ~g/L (Trefry_and Presley 1979 ) , whereas concentrations tn clean sea 

water range from 0.002 to 0.1 ~g/~ and increase with depth (Salomons and 

Forstner 1984; Wallace et al. 1983). 

Zinc occurs in many forms in natural waters and aquatic sediments. 

At pH = 6.0 in fresh water, the dominant forms of dissolved zinc are 

the free ion (98%) and zinc sulfate (2%), whereas at pH= 9.0, the dominant 

forms are the mono-hydr oxide ~on (78%), zinc carbonate (16%), and 

the free ion (6%) (Turner et al. 1981). In sea water at pH • 8.1, 

the dominant species of solub le zinc are zinc hydroxide (62%), the 

free ion (17%), the mono-chloride ion (6 . 4%), and zinc ca rbonate (5 . 8%) 

* An understanding of the "Guidelines for Deriving Numerical National Water 
Quality Criteria for the Pr otection of Aquatic Organisms and Their Uses" 
(Stephan et al. 1985), hereafter referred to as the Guidelines, and the 
response t o public comment (U.S . EPA l985a) is necessary in orde r to 
understand the following text, tables, and calculations. 



(Zirino and Yamamoto 1972). At pR • 7.0, the percentage of dissolved 

zinc present in sea water as the free ion increases to 50%. In the 

presence of dissolved organic materials, particularly humic substances, 

the major fraction of dissolved zinc is in the form of zinc- organic 

complexes (Lu and Chen 1977). 

Zinc can be present in sediments ~ n several forms, including preci­

pitated Zn(OH)2, precipitates with ferric and manganic oxyhydroxides, 

insoluble organic complexes, i nsoluble sulfide~, and residual forms 

(Patrick et al. 1977). As sediments change from a reduced to an oxidized 

state, more zinc is mobilized and released in a soluble form (Lu and Chen 

1977) . The bioavailability of different forms of zinc in sediment varies 

substantially and is poorly understood (Luoma and Bryan 1979). Baccini 

( 1985) , Krantzberg and Stokes (1985 ) , and Salomons ( 1985) reported that 

benchic organisms i nfluenced the partitioning of zinc between sediment 

and the water column. 

Most of the zinc introduced into the aquatic environment ts parti­

tioned into sediment by sorption onto hydrous i r on and manganese oxides, 

clay minerals, and organic materials (Lu and Chen 1977; Luoma and Bryan 

1981; Parker et al. 1982; Warren 1981). Precipitation of the sulfide is 

an i mportant control on the mobility of zinc in reducing environments, 

and precipitation of the hydroxide, carbonate, and basic sulfate salts can 

occur when zinc is present in high concentrations. For mation of complP.xes 

with organic and inorganic ligands can tnc rease the solubility of zinc 

and might increase or decrease the tendency for zinc to be sorbed (Salomons 

and Forstner 1984). 

The tendency of zinc to be sorbed is affected not only by the form 

of the zinc and the nature and concentration of the sorbent but also by pH 
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and salinity . In a study of heavy metal sorption by two oxides and two 

soils, zinc was completely removed from solution when pH exceeded 7, but 

little or no zinc was sorbed when pH was below 6. Addition of inorganic 

complexing ligands enhanced sorption (Huang et al. 1977). Helz et al. 

(1975) and Solomons (1 980) found less sorption of zinc to particulate matter 

. and sediment as salinity increased. This phenomenon was exhibited by many , 
other metals as well and apparently 1s due to displacement of the sorbed 

zinc ions by alkali and alkaline earth cations, which are abundant in 

brackish and saline waters. An increase in pH can increase sorption of 

zinc even if salinity increases (Millward and Moore 1982; Solomons 1980). 

Watanabe et al. (1985) reported that sorption of zinc was also dependent 

on the organic carbon content of river sediments. 

Zinc is an essential micronutrient for all living organisms (Laland 

and Kuwabara 1985). Because zinc is essentiat, aquatic organisms have 

evolved efficient mechanisms for accumulation o f zinc from water· and 

food. The concentration of zinc in tissues of aquatic organisms is far 

in excess of that required for various metabolic functions (Wolfe 1970) . 

Much of the excess zinc is bound to macromolecules or is present as 

insoluble metal inclusions in tissues (Simkiss et al . 1982). Inducible 

low molecular weight metal-binding proteins, metallothioneins, are thought 

to function, in part, in the intracellular sequestration and regulation 

of the essential metals zinc and copper (Kojima and Kogi 1978; Roesijadi 1981). 

Above some theoret ic-al maxtmum beneficial concentration of zinc in 

water, there exists a range of zinc concentrations that is readily tolerated 

through each organism's capacity to regulate the uptake, internal distribution, 

and excretion of zinc (Weiner and Giesy 1979). This range undoubtedly 

varies among individuals, species, and larger phylogenet ic groups. In 
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addition, this tolerated range probably varies with the range of zinc 

concentrations to which various populations have been historically exposed 

and acclimated . Thus, biological variability in tolerance of zinc 

1s probably the result of phylogenetic differences and historic exposure 

patterns, both short-term and geologic in scale. 

Paramount to the question of the toxicity of zinc are the physical and 

chemical fo r ms of zinc, the toxicity of each form, and the degree of 

interconversion among the various forms. Presumably, all forms of zinc 

that can be sorbed or bound by biological tissues are potentially toxic. 

Most likely, zinc will not be sorbed or bound unless it is dissolved, but 

some dissolution of zinc can reasonably be expected to occur in the 

alimentary canal following ingestion of particulates cont~ining undissolved 

zinc. Thus, the toxicitr of undissolved zinc to a particular species 

probably depends on feeding habits: The refore , plants and most fish are 

probably relatively unaffected by suspended zinc, but· many invertebrates 

and some fishes might be adversely affected by ingestion of sufficient 

quantities of particulates containing Zlnc. 

The toxicity of zinc, as well as other heavy metals, is apparently 

influenced by a number of chemical factors including calcium, magnesium, 

hardness, pH, and ionic strength. These factors appear to affect the 

toxicity of zinc either by influencing the availability of z1nc o r by 

inhibiting the sorption or binding of available zinc by biological tissues . 

In fresh water zLnc appears to be less toxic at high hardness for a 

vari ety of reasons, such as: 

1) The ions contributing to hardness, primarily calcium and magnesium, 

a re divalent and compet e with zinc, which is also divalent, for 

sites of uptake and binding tn biologica l tissues. 
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2) Harder waters have higher ionic strengths due to the greater quantity 

of charged ions (primarily mono- and divalent cations and anions) in 

solution, and these ions electrostatically inhibit the ability of 

other ions, such as zinc, to approach the sorptio~ or binding sites 

of the organisms. Thus zinc ions have lower activity in harder 

waters . 

3) Generally, harder waters have higher alkalinities and higher pHs, 

resultiog in the formation of insoluble, and possible soluble, zinc 

carbonate and hydroxide compounds that are not sorbed by many species. 

Thus, hardness appears to be the single best water quality characteristic 

to reflect the variation in zinc toxicity induced by di(ferences in 

general water chemistry. 

Because of the variety of forms of zLnc (Callahan et aL. 1979; ffem 

1972; Salomons and Forstner 1984) and lack of definitive information 

about their relative toxicities, no available analytical measurement is 

known to be ideal for expressing aquatic life criteria for zinc. Previous 

aquatic life criteria for zinc (U.S. EPA 1980) were expressed 1n te r ms of 

total recoverable zinc (U . S . EPA 1983a), but this measurement 1s probably 

too rigorous in some situations . Acid-soluble zinc (operationally defined 

as the zinc that passes through a 0 . 45 ~m membrane filter after the 

sample is acidified to pH a 1.5 to 2.0 with nitric acid) is probably the 

best measurement at the present for the following reasons : 

1. This measurement is compatible with nearly all available data concerning 

toxicity of z1nc to, and bioaccumulation of zinc by, aquatic organisms. 

No test results were rejected just because it was likely that they would 

have been substantially different if they had been reported in terms 

of acid-soluble zinc. For example, results reported in terms of dissolved 
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zinc would not have been used if the concentration of precipi~ated zinc 

had been substantial. 

2. On samples of ambient water, measurement of acid-soluble zinc will 

probably measure all forms of zinc that are toxic to aquatic life or 

can be readily converted to toxic forms under natural conditions. In 

addition, this measurement probably will not measure several forms, 

such as zinc that i~ occluded in minerals, clays, and sand or is 

strongly sorbed to particulate matter, that are not toxic and are not 

likely to become toxic under natural conditions. Although this 

measurement (and many others) will measure soluble complexed forms 

of zinc, such as the EDTA complex of zinc, that probably have low 

toxicities to aquatic life, concentrations of these forms probably 

are negligible tn most ambient water. 

3. Although water quality criteria apply to ambient water, the measurement 

used to express criteria is likely to be used to measure zinc in 

aqueous effluents. Measurement of acid-soluble zinc probably will 

be applicable to effluents because it will measure precipitates, such 

as carbonate and hydroxide precipitates of zinc, that might exist in 

an effluent and dissolve when the effluent is diluted with receiving 

water. If desired, dilution of effluent with receiving water before 

measurement of acid-soluble zinc might be used to determine whether 

the receiving water can decrease the concentration of acid-soluble 

zinc because of sorption. 

4. The acid-soluble measurement is probably useful for most metals, thus 

minimizing the number of samples and procedures that are necE!ssary . 

5. The acid-soluble measurement does not require filtration at the time of 

collection, as does the dissolved measurement. 
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6. The only treatment required at the time of collection is preservation 

by acidification to pH • 1.5 to 2.0, similar to that required for the 

total recoverable measurement. 

7. Durations of 10 minutes to 24 hours between acidification and filtration 

of most samples of ambient water probably will not affect the result 

substantially. 

8. The carbonate system has a much higher buffer capacity from pH = 1 . 5 

to 2 .0 than it does from pH= 4 to 9 (W~ber and Stumm 1963). 

9. Differences 1n pH within the range of 1.5 to 2.0 probably will not 

affect the result substantially. 

10. The acid-soluble measurement does not require a digestion step, as 

does the total recoverable measurement . 

11. After acidification and filtration of the sample to isolate the acid­

soluble zinc, the analysis can be performed using either atomic absorption 

spectrophotometric or ICP-atomic emission spectrometric analysis (U.S. 

EPA 1983a), as with the total recoverable measurement . 

Thus, expressing aquatic life criteria for zinc in terms of the acid­

soluble measurement has both toxicological and practical advantages. On 

the other hand, because no measurement is known to be idea l for expressing 

aquatic life criteria for zinc or for measuring zinc in ambient water or 

aqueous effluents, measurement of both acid-soluble zinc and total 

recoverable zinc in ambient wat e r or effluent or both might be useful . 

For example, there might be cause for concern if total recoverable zinc 

is much above an applicable limit, even though acid-soluble zinc is below 

the limit . 
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Unless otherwise noted, all concentrations reported herein from 

toxicity and bioconcentration tests are expected to be essentially equivalent 

to acid-soluble zinc concentrations. All concentrations are expressed as 

zinc, not as the chemical tested. The criteria presented herein supersede 

previous aquatic life water quality criteria for zinc (U .S . EPA 1976,1980) 

because these new criteria were derived using improved procedures and 

additional information. Whenever adequately justified, a national criterion 

may be replaced by a site-specific criterion (U.S. EPA l983b), which may 

include not only site-specific criterion concentrations (U .S. EPA 1983c ), 

but also site-specific durations of averaging periods and site-specific 

frequencies of allowed excursions (U .S. EPA 1985b ) . The latest comprehensive 

literature search for information for this document was conducted in 

July, 1986; some more recent information might have been included. 

Acute Toxicity to Aquatic Animals 

Available data, which are usable according to the Guidelines, on 

the acute toxicity of zinc to aquatic animals are presented in Table 1. 

Acute values for freshwater invertebrates ranged from 32 to 40,930 ~g/L 

(Table 1), and those for fishes ranged from 66 to 40,900 ~g/L, except for 

two values that appeared high for the guppy . The two ranges are very 

similar and very wide, probably due at least in part to hardness-related 

factors. 

Although many factors might affect the results of tests of the 

toxicity of zinc to aquatic organisms (Sprague 1985), water quali t y 

criteria can quantitatively take Lnto account only factors for which 

enough data are available to show that the factor SLmilarly affects the 
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results of tests with a variety of species. Hardness is often thought of 

as having a major effect on the toxicity of zinc in fresh water, although 

the observed effect is probably due to one or more of a number of usually 

interrelated ions, such as hydroxide, carbonate, calcium, and magnesium . 

Hardness (expressed as mg CaC03/L) is used here as a surrogate for the 

ions that affect the results of toxicity tests on zinc. An analysis of 

covariance (Dixon and Brown 1979; Neter and Wasserman 1974) was performed 

using the natural logarithm of the acute value as the dependent variable, 

species as the treatment or grouping variable, and the natural logarithm 

of hardness as the covariate or independent variable . This analysis of 

covariance model was fit to the data in Table 1 for the eight species for 

which acute values are available over a range of hardness · such that the 

highest ha rdness is at least three times the lowest and the highest ts 

also a~ least 100 mg/L higher than the lowest . The eight slopes are 

between 0.56 and 1 . 65 (see end of Table 1) and most are close to the 

slope of 1.0 that is expected on the basis that zinc, calcium, magnesium, 

and carbonate all have a charge of two. An F-test showed that, under the 

assumption of equality of slopes, the probability of obtaining eight 

slopes as dissimilar as these is P = 0. 77 . This was interpreted as 

indicating that it is reasonable to assume that the slopes for these 

eight species are the same . 

Where possible, the pooled slope of 0.8473 was used to adjust the 

freshwater acute values in Table 1 to ha rdness = SO mg/L. Species Mean 

Acute Values were calculated as geometric means of the adjusted acute 

values . Five of the seven most resistant species (Table 3) were tested 

4n a series of experiments reported by Rehwoldt et al. (1 971,1972,1973) 

using Hudson River water, and high acute values were obtained in two 
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othe~ teats whose ~esults were placed in Table 6 because the organisms were 

not identified to genua. It is not known whether the ~iver water reduced 

the toxicity of zinc or if the species were inherently resistant. Rehwoldt 

et al . (1971,1972) also reported LCSOs of 6,700 and 6 , 800 ~g/L for the 

striped bass, Morone saxatilis. These were considerably higher than the 

LCSOs reported by Hughes (1970,1973) and Palawski et al. (1985) for the 

same species, although the values reported by Hughes were not used due to 

inadequate acclimation of the test organisms. 

Genus Mean Acute Values (GMAVs) at hardness • 50 mg/L (Table 3) were 

then calculated as geometric means of the available freshwater Species 

Mean Acute Values. The GMAV for Morone was based only on the SMAV for 

the striped bass because of the probability that the LCSOs reported by 

Rehwotdt et al. ( 1971,1972) were two high fo r both species in this genus. 

Of the 35 genera for which acute values are available, the most sensitive 

genus, Ceriodaphnia, is about 950 times more sensitive than the most 

resistant genus, Argia. Acute values are available for more than one 

species in e ach of seven genera and the range of Species Mean Acute 

Values within each genus is less than a factor of 3. 7. The freshwater 

Final Acute Value for zinc at hardness = 50 mg/L was calculated to be 

130.1 ~g/L using the procedure described in the Guidelines and the Genus 

Mean Acute Values in Table 3. This value is above the Species Mean Acute 

Value for a cladoce ran and for the striped bass, but the results for the 

striped bass were not obt ained in a fl ow-through test Ln which the 

concentrations of test material were measur ed. Thus, the freshwater 

Criterion Maximum Concentration (in ~g/L) • e(0.8473[ln(hardness)) +0 .8604 ) 

Acute tests considered useful in the derivation of a saltwater 

criterion for zinc have been conducted with 26 species of inverteb rat es 
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and 7 species of fish (Table 1). The range of Species Mean Acute Values 

for saltwateT invertebrates extends from 195 ~g/L foT embryos of the 

quahog clam, Mercenaria mercenaria, (Calabrese and Nelson 1974) to 320,400 

~g/L for adults of the clam Macoma balthica (Bryant et al. 1985). The 

range of Species Mean Acute Values for fish is narrower, extending from 

191.4 ~g/L for larvae of the cabezon, Scorpaenichthys marmoratus, (Dinne1 

et al . 1983) to 38,000 ~g/L for juvenile spot, Leiostomus xanthurus 

(Hansen 1983). As a general rule, early life stages of saltwater inverte­

brates and fish are more sensitive to zinc than juveniles and adults . 

Both temperature and salinity affect the results o f acute tests on 

zinc. The effect of temperature has been studied with four bivalve 

molluscs and one amphipod, whereas the effect of salinity has been studied 

with a worm, clam, amphipod, two isopods, and a fish (Table 1). In 

general, the LCSO increases as salinity increases (presumably because 

complexation by ch loride increases) and as temperature decreases. However, 

the LCSO for a species also seems to decrease as salinity and temperature 

deviate from the optimum for the species. 

Of the 28 gene ra for which saltwater Genus Mean Acute Values are 

ava ilable (Table 3), the most sensitive genus, Scorpaenichthys is about 

1,700 times more sensitive than the most resistant, Macoma. Clams are 

both sensitive and resistant to zinc. Acute values are available for 

more than one species Ln each of five genera and the range of Species 

Mean Acute Values within aach genus is less than a factor of 5.2. The 

saltwate r Final Acute Value for zinc was calculated to be 190.2 ~g/L, 

which is slightly lower than the acute value for the most sensitive 

species. 
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Chronic Toxicity to Aquatic Animals 

Although most of the chronic toxicity tests conducted on zinc with 

freshwater species were 1n soft water ranging in hardness from 25 to 52 mg/L, 

Chapman et at. (Manuscript) studied the chronic toxicity of ztnc to Daphnia 

magna at hardnesses of 52, 104, and 211 mg/L (Table 2). They found that the 

chronic toxicity of zinc decreased when hardness increased from 51 to 104 

mg/L. When hardness was further increased to 211 mg/L, the toxicity of 

zinc did not change. No other data are available concerning the relationship 

between hardness and the chronic toxicity of zinc. 

The chronic values for the two species of freshwater invertebrates 

ranged from 46.73 to >5,243 ~g/L, whereas those for six species of fish 

ranged from 36.41 to 854.7 ~g/L . 

A life-cycle toxicity test has been conducted with the saltwater 

mysid, Mysidopsis bahia (L~ssier et al. 1985). Survival, days to first 

brood, and young/female reproductive day were all affected at 231 ~g/L, 

but no effects were detected at 120 ~g/L. 

Acute-chronic ratios are available for six freshwater and one saltwater 

species . The freshwater Species Mean Acute-Chronic Ratios range from 

0.7027 t o 41 . 20, 'whereas the saltwater ratio is 2 .997 (Table 3) . Because 

the Final Acute-Chronic Ratio is meant to apply to sensitive species, 

which often have lower acute-chronic ratios than resistant species, it 

was calculated as the geometric mean of the ratios for the fresh~ater 

Daphnia magna, chinook salmon, and rainbow trout and the saltwater mysid. 

The resulting value of 2.208 is lower than all the other Species Mean 

Acute- Chronic Ratios (Table 3). Division of the freshwater and saltwater 

Final Acute Values by 2.208 results in freshwater and saltwater Final 

Chronic Values of 58.92 ~g/L (at hardness = SO mg/L) and 86.14 ~g/L, 
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respectively . In spite of the data on the effect of hardness on the 

chronic toxicity of zinc to Daphnia magna, the freshwater chronic slope 

is assumed to be the same as the acute slope , resulting in a freshwater 

Final Chronic Value a e (0.8473[ln(hardness)]+0 .7614). 

Toxicity to Aquatic Plants 

Toxicity tests on z~nc have been conducted with 20 species of freshwater 

plants, which were affected by zinc concentrations ranging from 30 to 

>200,000 ~g/L (Table 4). Although tests have been conducted with several 

vascular plants, both the highest and lowest values were obtained with 

algae . 

Few data are available concerning the effect of hardness on toxicity 

to plants. One study with the diatom, Navicula seminulum, (Academy of 

Natural Sciences 1960) tested zinc t oxicity at two hardnesses. At 

hardness 2 58.46 mg/L, zinc was more toxic, on the average, than in tests 

at ha rdnes s = 174 mg/L. However, there was overlap ~n ECSOs between the 

hardnesses tested. The toxicity of zinc to algae. might be related to the 

concentration of phosphate or nitrate (Kuwabara 1985; Rao and Subramanian 

1982). 

The toxicity of z1nc to saltwater plants has been tested with 18 

species of phytoplankton and 8 species of macroalgae (Tables 4 and 6) . 

The diatom, Schroederella schroederi, was the most sensitive phytoplankter, 

with a 48- hour ECSO of 19.01 ~g/L. Other species affected at concentrations 

less than the Final Chronic Value are Cricosphaera carterae, Isochrysis 

gabana , Thalassiosira rotula, Glenodinium halli, and Gymnodinium splendens. 

Macroalgae were affected at concentrations ~100 ~g/L. Therefore, although 

data on most saltwater plants indicate that they will be protected by a 
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saltwater criterion derived from data on animals, some phytoplankters 

might be affected under certain environmental conditions. 

Bioaccumulation 

Six freshwater species were exposed to z1nc and had tissue concentra­

tions measured after sufficient time to achieve steady-state (Table 5). 

Bioconcentration factors (BCF) ranged from 51 for the Atlantic salmon 

(Farmer et al . 1979) to 1,130 for a mayfly ( Nehring 1976). A mean BCF of 

100 was obtained in three tests with a clam (Graney et al. 1983), and the 

BCF of 106 for a stonefly was much lower than that for the mayfly. Both 

the flagfish and the guppy had BCFs between 400 and 500. Atchinson et al. 

(1977), Mcintosh and Bishop ( 1976), and Murphy et a1. (1978a,b) measu~ed 

the concentrations o f zinc in several species of fish obtained from a 

pond contaminaced with zinc. Direct accumulation from water did not 

appear to be a major route of uptake of zinc by two species of fish in a 

lake (Klaverkamp et al. 1983). Cushing and Rose (1970), Cushing and 

Watson (1971), ·and Cushing et al. (1975) studied the uptake of zinc by 

periphyton and fish in microcosms. Van der Werff (1984) found that humic 

and fulvic acids reduced the uptake of Zlnc by an alga. 

Bioaccumulation data for zinc are available for six species of saltwater 

algae and seven species of saltwater animals (Table 5). Steady-state BCFs 

derived from l aboratory exposures of saltwate r algae for periods of 0.5 to 

140 days ranged from 75.5 for the brown macroa1ga, Laminaria digitata 

(Haritonidis et al. 1983) to 10,768 for another brown macroalga, Fucus 

serratus (Young 1975). BCFs based on data derived from field collections 

of macroalgae ranged from 1,027 to 2,029 for a third brown macroalga, 

Fucus vesiculosus (Foster 1976; Foster and Bale 1975). 
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BCFa derived from laboratory exposures of saltwater animals for 

periods of 14 to 126 days range from 3.692 in the whole body of the 

shrimp, Pandalus montagui (Ray et al. 1980) to 23,820 in the total 

soft tissue of the eastern oyster, Crassostrea virginica (Shuster and 

Pr iagle 1968). 

For the mummichog, Fundulus heteroclitus, the BCF for both whole 

body and scales decreased with increasing concentration in water between 

210 and 7,880 ~g/L (Sauer and Watabe 1984). At all concentrations, the 

scales had a higher BCF than the whole body. Sequestration of zinc in 

scales, which is accompanied by a decrease in scale calcification (Sauer 

and Watabe 1984), might be a mechanism of zinc storage or detoxification 

in fish. O'Grady (1981) showed that sea trout, Salmo trutta, mobilized 

zinc stored in its sca l es during the upstream spawning migration. 

For both algae and animals, there is a definite t r end toward an 

inverse relationship between concentration in water and BCF . This is 

best exemplified by the data in Table S for the brown macroalga, Laminaria 

digitata (Bryan 1969) and the mummichog, Fundulus heteroclitus (Sauer 

and Watabe 1984). Seip (1979) developed a mathematical model for the 

accumulation of zinc and other metals by the brown macroalga, Ascophyllum 

nodosum. The concentration of zinc in the alga was found to be an approximat ~ly 

linear function of the mean concentration of zinc in water up to about 

100 ~g/L. Because the slope of the curve was less than 1, BCFs tended to 

dec r ease with increasing concentration ~n water. 

No U.S. FDA action level o r other maximum acceptable concentration 

Ln tissue is available for zinc, and, therefore, no Final Residue Value 

can be calculated. 

l5 



Other Data 

A wide variety of other data is presented in Table 6. In a test 

on zinc phosphate, growth of a freshwater green alga was inhibited 

during a 14-day exposure to 64 ~g/L (Garton 1972). Growth of Scenedesmus 

quadricauda was inhibited during exposure to 1,200 ~g/L in river water 

(Bringmann and Kuhn 1959a,b). The primary productivity o f plankton was 

reduced when exposed to 15 ~g/L for 14 days (Marshall et al. 1983>). 

Several studies have been conducted on the effect of temperature on the 

acute toxicity of zinc (Braginskiy and Shcherban 1978; Cairns et al. 1975a, 

1978; Pickering and Henderson 1966; See et al. 1974; Smith and Heath 1979). 

Except for the rainbow trout and golden shiners, the species were more 

sensitive to zinc at higher temperatures. Snails were more sensitive to 

the rmal shock after exposure to zinc (Cairns et at . 1976) . 

Concentrations of dissolved oxygen down to 3.5 mg/L did not affect 

the toxicity o f zinc t o the bluegill, but lower concentrations d id 

(Pickering 1968). Anderson ( 1973) and Anderson and Weber (1975) found that 

the acute sensitivity of the guppy to zinc depended on the weight of the 

fish. Sabodash (1974) studied the effects of zinc and calcium on survival 

and growth of larval grass carp. 

Most insects were more resistant t o zinc than the other freshwater 

species tested. Mayflies, damselflies, stoneflies, and caddisflies had LC50s 

ranging from 1,330 to 58,100 ~g/L (Table 6). One midge (Ch ironomous sp.) had 

a 96-hr LC50 of 18 ,200 ~g/L (Rehwoldt et al. 1973), whereas another (Tanytarsus 

dissimilis) had a 10- day LCSO of 36 .8 ~g/L (Anderson et al. 1980) . The 

T. dissimilis value is very low compared to other values obtained with insects. 

Although most LC50s for rainbow trout ranged from 2,000 to 5,000 

~g/1, Garton (1972) obtained an LCSO of 90 ~g/L in a test on zinc phosphate. 
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A 7-day EC50 of 10 ~g/L was obtained with embryos and larva of the narrow­

mouthed toad (Birge 1978; Birge et al. 1979). 

Cairns et al. (1975b) and Khangarot (1982) examined the effect of 

feeding on the results of acute tests on zinc, whereas McLeay and Munro 

(1979) and Sparks et al. (1972b) studied the effects of photoperiod and 

shelters, respectively. Brafield and Mattiessen (1976) , Rughes (1975), Rughes 

and Tort (1985), and Thompson et al. (1983) studied the effect of zinc on 

respiration of fishes. Allen et al. (1980) and Muramota (1978) found 

that various chelating agents reduced the acute toxicity of zinc. Several 

studies examined the use of fishes as biomonitoring organisms for zinc 

(Cairns and Waller 1971; Cairns et al. 1973a; Sparks et al. 1972; Waller 

and Cairns 1972). 

Many studies have examined ztnc as a dietary requirement for freshwater 

plants (e.g . , Vaughn et al. 1982) and fish (e.g. , Barash et al. 1982; 

Bell et al. 1984; Dabrowski et al. 1981; Gatlina and Wilson 1983,1984; 

Jeng and Sun 1981; Ketola 1979; Knox et al. 1982,1984; Ogino and Yang 

1978,1979; Richardson et al. 1985; Rodgers 1982; Satoh et al . l983a,b,c; 

Takeda and S~imma 1977) . 

Armitage (1980) , Armitage and Blackburn (1985), Austin and Munteanu 

(1984), Carlson et al. (1986) , Eichenberger (1981), Eichenberger et al. 

(1981) , Foster (1982a), Rarding et al. (1981), Rugbes (1985), Lang and 

Lang-Dobler (1979), Maas (1978), Meyer (1978), Rice (1977), Roline and 

Boehmke (1981), Ruthven and Cairns (1973), Say and Whitton (1983), Say 

et al. (1977), Sheehan and Knight (1985), Shehata and Whitton (1981), 

Solbe (1973), Swain and White (1985), Swift ( 1985) , Wehr and Whitton 

(1983b,c), Wentsel and Mcintosh (1977), Williams and Mount (1965), Yan 
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et al . (1985), Yasuno et al . (1985), and Zanella (1982) investigated 

relationships between the abundance and diversity of freshwater species 

and the concentration of zinc in water and sediment. 

The detoxification of zinc was studied by Kito et a1. (1982), K1averkamp 

et al. (1985), Ley et al . (1983), Marofante (1962), Pierson (198Sa,b), 

Roch and McCarter (1984a,b), and Takeda and Shimizu (1982). 

Low concentrations of zinc stimulate the rate of growth of saltwater 

microalgae. Concentrations equal to or less than 100 ~g/L stimulated growth 

of Nitzchia longissima during exposures lasting one to five days (Subramanian 

et al. 1980). Similarly, growth of Skeletonema costatum was both stimulated 

by zinc concentrations equal to or lower than 200 ~g/L during one to five 

days of exposure (Subramanian et al . 1980) and reduced by 20% during 

exposure for 10 to 14 days to 100 ~g/L zinc (Braek et al. 1976). Wikfors 

and Ukeles (1982) reported a 6.7% increase in the growth of Phaeodactylum 

tricornutum during exposure for 12 days to 4,800 ~g/L. Therefore the 

difference between beneficial and detrimental concentrations o f zinc to 

phytoplankton might be small and dependent on the species and exposure. 

Stromgren (1979) studied the effect of zinc on growth of five species 

of saltwater macroalgae. Gr owth was reduced at 1,400, but not 100 , 

~g/1 for Ascophyllum nodosum, Fucus serratus, Fucus spiralis, and Pelveti~ 

canaliculata, and at 7,000, but not 3,500, ~g/L for Fucus vesiculosus. 

Bryan (1969) reported reduced growth of Laminaria digitata during exposure 

for 24 days to concentrations as low as 100 ~g/L. A concentrat ion 

of 250 ~g/L r educed growth of sporophytes of Laminaria hyperbori~, whereas 

5,000 ~g/L induced abnormal maturation of gametophytes of the same specles 

' (Hopkins and Kain 1971). Zinc concentrations as low as 8.8 ~g/L altered 

lipid metabolism in Fucus serratus (Smith and Harwood 1984). 
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Two ciliate protozoans exhibited markedly different sensitivities to 

zinc. Growth of Cristigera sp. was reduced by exposure for four to five 

hours to concentrations as low as 50 . 63 ~g/L (Gray 1974; Gray and Ventilla 

1973), but a concentration of 10,000 ~g/L only reduced the growth of 

Euplotes vannus by 10% ( Persoone and Uyttersprot 1975). 

Bryan and Hummerstone (1973) compared the sensitivity of the 

polychaete, Nereis diversicolor, from sediments heavily contaminated with 

zinc and other metals to that of the same species from clean sediments at 

three salinities (Tables 1 and 6). At all three salinities, worms from 

the contaminated sediments were less than a factor of two more resistant 

to zinc than those from clean sediments . Worms from the contaminated 

sediments also had somewhat lower BCFs than worms from clean sediments 

when exposed to zinc in the l~boratory for 34 days . Thes e results suggest 

that acclimation or genetic adaptation of the worms to contaminated 

sediments provided only a minor ability to regulate zinc more efficiently 

than worms from uncontaminated sediments . 

The polychaetes, Ophryotiocha diadema and Ctenodrilus serratus, were 

exposed to zinc in partial life-cycle tests .that began with adults and 

examined effects on survival and reproduction (Reish and Carr 1978). 

Population size was reduced 500 ~g/L in both static tests but effects of 

zinc were not detected at 100 ~g/L. 

A variety of respons es were obse rved in mud snails, Nassarius obsoletus, 

during exposure for 72 hr to progressively higher concentrations of zinc 

(Macinnes and Thurberg 1973) . At 2,000 ~g/L, there was a depression of 

oxygen consumption. Locomotor behavior was inhibited at 10,000 ~g/L, 

and death ensued at 50,000 ~g/L. Similarly, shell deposition by adults 

of the blue mussel, Mytilus edulis, was inhibited by 50% following exposure 
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for two to six days to l60 ~g/L (Manley et al. 1984; Stromgren 1982). 

The ECSO based on reduced byssal thread production was 1,800 )g/L, whereas 

the 7-day LCSO was 5,000 ~g/L (Martin et al. 1975). The 72-hr ECSO for 

development of mussel embryos to the veliger stage was between 96 and 314 

~g/L (Dinnel et al. 1983). 

Different life stages and developmental processes of gametes, embryos, 

and larvae of Pacific oysters have different sensitivities to zinc. The 

ability of oyster sperm to fertilize eggs was depressed by 50% after 

exposure for 60 min to 443.6 ~g/L (Dinnel et al. 1983). The 48-hr LC50 

for embryos was 241.5 ~g/L (Brereton et al. 1973). Larvae developed 

abnormally and grew more slowly than controls at zinc concentrations 

between 125 and 500 ~g/L (Brereton et al. 1973), whereas .E~SOs for growth 

of 6-day-old and 16-day old larvae exposed for four days were 80 and 95 

~g/L, respectively (Watling 1982). The 96-hr LCSO for 6-day and l6-day 

larvae was in excess of 100 ~g/L , whereas that for 19-day -larvae was bet ween 

30 and 35 ~g/L (Watling 198i). Significant delay of, and reductton in, 

successful settlement was observed after 5 days in 125 ~g/L (Boyden et a1. t97S) 

and after 20 days Ln 10 to 20 ~g/L (Watling 1983). Juvenile oyster spat 

had a 23-day LCSO of 75 ~g/L (Watling 1983) . 

Exposure t o 176 ~g/L for 72 hr caused a 50% reduct ion in the rate of 

calcium uptake by larvae of the c lam, Mulinia lateralis, whereas a concen­

tration of 200 ~g/L caused 53% mortality among the clam larvae in the same 

time period (Ho and Suboff 1982 ) . The 8 to 10-day LCSO was 195.4 ~g/L 

for l arvae of the quahog cl am, Mercenaria mercenaria and growth of surv ivors 

was estimated to be reduced by 38 .4% (Ca labrese et at. 1977). 

At concentrations as low as 250 ~g/L, zinc caused significant de l ays 

ln molt ing and development rate of lar vae of the g rass shrimp, Palaemonetes 
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pugio, particularly under stressful temperature-salinity reg1mes (McKenney 

1979; McKenney and Neff 1979,1981). Concentrations of 25 to ·so. ~g/L 

were without effect on the development rate of larvae of the mud crab, 

Rhithropanopeus harrisii (Benijts-Claus and Benijts 1975). However, 

in the presence of lead at 25 to 50 ~g/L, these concentrations of zinc 

produced a significant delay in the rate of larval development of mud 

crabs. Rate of limb regeneration by adults of the fiddler crab, Uca 

pugi1ator, was inhibited at zinc concentrations of 1,000 (Weis 1980). 

This inhibitory effect was amplified at low salinities. 

Motility of the sperm of the sea urchins, Arbacia punctulata and 

Strongylocentrotus purpuratus, was stimulated by brief exposure to zinc 

concentrations at or below 1,634 and 654.8 ~g/L, respectively (Timourian and 

Watchmaker 1977; Young and Nelson 1974). At concentrations of 3,269 and 

6,538 ~g/L, respectively, sperm motility was inhibited. Reduceion of the 

ability of echinoderm sperm to fertilize eggs appeared to be more sensitive 

than sperm motility to the toxic effects of zinc (Dinnel et al. 1983). 

ECSOs after one hour of exposure of sperm ranged from 28 to 382.8 

~g/L. In tests with the sand dollar, Dendraster excentricus, and two sea 

ur chins, Strongylocentrotus droebachiensis and!· purpuratus, development 

to the pluteus stage was less sensitive than fertilization. Waterman (1937) 

found that 810 ~g/L inhibited gastrulation and that 2,314 ~g/L was lethal to 

embryos of Arbacia punctulata. 

Somasundarum et al. (1984a,b,c,d;l985) identified several developmental 

anomalies and histopathological lesions in developing embryos and larvae 

of Atlantic herring, Clupea harengus, that were exposed to 50 to 12,000 

~g/L. Zinc concentrations below 6,000 ~g/L did not affect embryo 

volume . Below 2,000 ~g/L, zinc accelerated embryonic development, but 
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6,000 ~g/L inhibited development. At zinc concentrations as low as 50 

~g/L, there ~as a significant increase in the incidence of jaw-and branchial 

abnormalities . Concentrations above 500 ~g/L increased the incidence of 

ve rtebral abnormalities. Significant decreases in the s1ze of the otic 

capsules and eyes were observed at zinc concentrations higher than 2,000 

and 6,000 ~g/L, respectively. Ultrastructural changes in brain cells and 

somatic musculature were observed in herring larvae that were allowed to 

develop for 14 days in sea water containing 50 to 12,000 ~g/L. 

In contrast to the toxic effects noted above, Weis et al. (1981) 

found that exposure to 10,000 ~g/L ameliorated teratogenic effects on 

Fundulus heteroclitus exposed to methyl mercury. Also, zinc concentra­

t ions of 1,000 ~g/L or greater enhanced regeneration of the tail fin and 

ameliorated effects of methyl mercury on fin regeneration in adult 

mummichogs (Weis and Weis 1980). 

Exposure of adult mummichogs to 2,200 ~g/L resulted in increased 

activity of the hepatic enzyme aminolevulinic acid dehydrase ( Jackim 

1973), whereas exposure to 60,000 ~g/L caused 30% mortality and 

histopathological lesions in the oral epithelium of survivors (Eisler and 

Gardner 1973 ) . Calcification of the scales o f juvenile mummichog9 was 

inhibited at 760 to 7,100 ~g/L (Sauer and Watabe 1984) . 

Crustaceans and fish are able to accumulate zinc from both water and 

food. For adult green crabs, Carcinus maenas, the BCF for zinc from 

water was 130 and the bioaccumulation factor (BAF) for zinc from water and 

food was 210 (Renfro et at. 1975), but the BAF was not significantly higher. 

However the BAF was statistically higher than the BCF with adult mosquito 

fish, Gambusia affinis, and juvenile spot, Leiostomus xanthurus (Willis 

and Sunda 1984) . At 120 days, the BAF and BCF for uptake of zinc from 
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water alone and water plus food by mosquito fish were 45 and 8, r espectively . 

The BAF and BCF for spot after a 28-day exposure were 28 and l, respectively. 

These results suggest that these fish obtain five to nine times more zinc 

from food than from water. It must be recognized, however, that the relative 

magnitude of the contribution from both sources to the concentration of zLnc 

Ln saltwater animals will depend on the relative concentrations of zinc 

Ln the water and food. Eisler (1967) and Eisler and Gardner (1973) have 

shown that BCFs for adult mummichogs, Fundulus heteroclitus, are inversely 

related to the concentration of zinc in the water. 

Unused Data 

Some data on the ~ffects of z1nc on aquatic organisms were not used 

because the studies were conducted with species that are not r esident in 

North America (e.g., Abbasi and Soni 1986; Ahsanullah and Arnot t 1978; 

Baudoin and Scoppa l974; . Bengtsson l974a,b,c,d,e; Carter and Nicholas 

1978; Chapman and Dunlop 1981; Dunlop and Chapman 1981; Greenwood and 

Fielder 1983; Harrison 1969; Howell 1985; Jones and Wacker 1979; Jones et 

al. 1984; Karbe et al . 1975; Khangarot 1981,1984; Khangarot et al. 1982, 

1985; Kumar and Pant 1984; Lomte and Jackhar 1982; Lyon et al. 1983; 

Martin et al. 1977; Mathur et a1. 1981; McFeters et al. 1983; Mecham 

and Holliman 1975; Millington and Walker 1983; Milner 1982; Murti and 

Shukla 1984; Natarajan 1982; Nazarenko 1970; Pentreath 1973; Sart ory and 

Lloyd 1976; Sastry and Subhadra 1984; Saxena and Parashari 1983; Seiffer 

and Schoof 1967; Shaffi 1979; Shehata and Whitton 1981; Shukla et al. 

1983; Solbe and Flook 1975; Speranza et al. 1977; Srivastava et al. 1985; 

Stary and Krantzer 1982 ; Subhadra and Sastry 1985; Thorp and Lake 1974; 

Verma et al. 1984; Wagh et al. 1985; White and Rainbow 1982; Willis 1983) 
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or because the test specices was not obtained in North America and was 

not identified well enough to determine whether it is resident· in North 

America (e.g., Greichus et al. 1978; Jennett et al. 1981; Pommery et al. 1985; 

Tishinova 1977). Results (e.g., Bagshaw et al. 1986; Brown and Ahsanullah 

1971) of tests conducted with brine shrimp, Artemia sp., were not used 

because these species are from a unique saltwater environment. 

Babich and Stotzky (1985), Biddinger and Gloss (1984), Cairns (1957), 

Campbell and Stokes (1985), Connolly (1985), Doudoroff and Katz (1953), 

Duxbury (1985), Eisler (1981), Hartman (1980), Kaiser (1980), LeBlanc 

(1984), Lim (1972), Lloyd (1965), Macek and Sleight (1977), Mancini 

(1983), McKim (1977), Pagenkopf (1976), Patrick et al. (1968), Phillips 

and Russo (1978), Polikarpov (1966), Rai et al. (1981b), &iordan (1976), 

Skidmor e (1964), Skidmor e and Firth (1983), Slooff et al. (1986), Sprague 

et al. (1964), Strufe (1964), Taylor et al. (1982), Thomson and MacPhee 

(1985) , ' Vernon (1954), Vymazal (1985), Weatherley et al. (1980), and 

Whitton (1970) only contain data that have been published elsewhere. 

Results were not used if either the test procedures, test material, 

or dilution water was not adequately described (e.g., Back 1983; Bates et 

al. 1981; Baudin 1983a,b; Berg and Brazzell 1975; Siegert and Valkovic 

1980; Birge and Just 1973,1975; Bradley and Sprague 1983; Brauwers 1982; 

Brkovic-Popovic and Popovic 1977a,b; Brown 1968; Carpenter 1927; Coburn 

and Friedman 1976; Danil 1 chenko 1977; Darnall et al . 1986; Dilling and• 

Healy 1927; Fleming and Richards 1982; Hutchinson and Sprague 1985; 

Ishizaka et al. 1966; Joraensostrorasks and McLaughlin 1974; Knittel 

1980; Labat et al. 1977; Miller et al . 1985; Muramoto 1980; Pavicic 1980; 

Petry 1983; Rao and Saxena 1981; Sabodash 1974; See et al . 1974, 1975 ; 
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Sicko-Goad and Lazinsky 1981; Tokunaga and Kishikawa 1982; Vinot and 

Larpent 1984) . 

Data were not used if zinc was a component of an effluent (e.g., 

Bailey and Liu 1980; Cherry et al . 1979; Finlayson and Ashuchian 1979; 

Frazier 1976; Grushko et al. 1980; Guthrie et al . 1977; Jay and Muncy 

1979; Lewis 1986; Lu et al. 1975; Nagy-Toth and Barna 1983; Nehring and 

Goettl 1974; Neufeld and Wallach 1984; Newman et al . 1985; O'Conner 1976; 

Oladimeji and Wade 1984; Ozlmek 1985; Phillips and Gregory 1980; Rana and 

Kumar 1975; Roesijadi et al . 1984; Saunders and Sprague 1967; Sprecht et 

al. 1984; Wang 1982; Whitton et al. 1981; Wong and Tam l984a,b; Wood 

1975), mixture (e.g . , Baker and Boldigo 1984; Besser 1985; Biesinger ~t 

al. 1974; Birge et al. 1978; Borgmann 1980; Brown et a1. 1969; Cairns and 

Scheier 1968; Cearl~y 1971; Chang et al. 1981; Ch ristensen et al. 1985; 

Cowgill et al . 1986; Dani1'chenko and Stroganov 1975; Davies 1985; Davies 

and Woodling 1980; Doudoroff 1956; Doudoroff et al. 1966; Eaton 1973; 

Eisler 1977b; Finlayson and Verrue 1980; Gi~sy et al. 1980; Hedtke and 

Puglisi 1980; Henry and Atchison 1979a,b; Hutchinson and Czyrska 1972; 

Hutchinson and Sp rague 1983; Lubinski and Sparks 1981; Markarian et al. 

1980; Marking and Bills 1985; McLeese and Ray 1984; Multer and Payer 

1980; Muska 1977; Patrick and Loutit 1976,1978 ; Pope 1981; Roch and McCarter 

1984c,l986; Roch et al. 1985,1986; Rodgers and Beamish 1983; Sprague 1965; 

Stromegcen 1980; Vymaza1 1984; Wong et al. 1982a,b,l984b), or a sediment 

(e.g., Arruda et at. 1983; Broberg 1984; Bryan et al. 1983; Dean 1974; 

Krantzberg 1983; Laskowski-Hoke and Prater 1984 ; Lewis and ~clntosh 1984, 

1986; Luoma and Jenne 1977; Malueg 1984; McMurtry 1984; Munawar et al. 

1985; Oakden et a1. 1984; Ray et a1. 1981; Seelye et al. 1982; Wentsel 

et al. 1977; Wong and Kwan 1981; Wong and Tam 1984; Wong et at. l984a). 
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Data we~e not used if the organisms we~e exposed to zinc by injection 

or gavage or in food {e.g . J Barash et al . 1982; Baudin 1985; Bell et al. 

1984; Cancalon 1982; Cowgill et at. 1985; Dallinger and Wieser 1984; 

Dixon and Compher 1977; Gatlin and Wilson 1983,1984; Hibiya and Oguri 

1961; Jeng and Sun 1981; Knox et a1. 1984; Lyon et al. 1984; Mansou~i­

Aliabadi and Sharp 1985; Marafonte 1976; Ogino and Yang 1978,1979; Patrick 

and Loutit 1978; Richardson et a1. 1985; Saiki and Mori 1955; Satoh et 

al. 1983a,b; Smith-Sonneborn et a1. 1983; Suzuki and Ebihara 1984; Suzuki 

and Kawamura 1984; Suzuki et al. 1983,1984; Takeda and Shimma 1977; 

Vaughan et al. 1982; Windom et al . 1982; Young 1975). 

Adragna and Privitera (1978,1979), Akberali and Earnshaw (1982), 

Ande~son et at. (1978), Babich et al. (l985 , 1986a,b), B~own (1976), Burton 

and Peterson (1979), Cenini and Turner (1983), Crespo (1984), Crist et 

al. 0·981), Doyle et al. (1981) ,- Everaarts et at. (1979) , Fleming et at. 

( 1982), George (1983), Hiller and Perlmutter (1971). Kiltibran ( 1971), 

Kodama et at. (1982a), Nemosok et at. (1984), Rachlin and Perlmutter 

(1969), Sirover and Loeb (1976), and Watson and Beamish (198 1) only 

exposed enzymes, excised or homogenized tissue, or cell cultures. 

Results of some laboratory tests were not used because the tests 

were conduct ed in distilled or deionized water without addition of appropriate 

salts (e.g., Afftect 1952; Carter and Cameron 1973; Eddy and Fraser 1982; 

Matthiessen and Brafie1d 1973; McDonald et a1. 1980; Porter and Hakanson 

1976; Stary and Kratzer 1982; Stary et al. 1983; Taylor 1978; Vijayamadhavan 

and Iwai 1975; Wang 1959) or were conducted in chlorinated or ''tap" water 

(e . g ., Goodman 195 1; Grande 1966; Haider and Wunder 1983; Hughes and 

Adeney 1977; Jones 1935,1938,1939; Matthiessen and Brafield 1977; Rabel 
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1981; Shcherban 1977; Skidmore 1970; Skidmore and Tovell 1972). Dilution 

water was at too low a pH in tests by Michnowicz and Weaks (1984), whereas 

temper ature fluctuated too much ~n the test reported by Mills (1976b). 

Allan et al. (1980), Bates et al. (1983), Buikema et al . (1974a,b, 

1977), Cairns and Dickson (1970), Fayed and Abd-El-Shafy (1985), Kuwabara 

(1985), Mills (1976a,b), Petersen (1982), Rainbow et a1 . (1980), Ruthven 

and Cairns (1973), Say and Whitton (1977), Sullivan et a1 . (1973), and Zitko 

et al. (1973) used dilution water that contained too high a concent r ation of 

chelating agent or other organic matter. Mukhopadhyay and Konar (1984) used 

a phosphate buffer, which might have detoxified zinc, although their LCSOs 

for two invertebrate species were quite low after adjustment for hardness. 

Benson and Birge (1985), Berglind and Dave (1984), and Birge et al. 

(1983) cultured or acclimated organisms in one water and conducted tests 

Ln another. Hughes (1970,1973) did not acclimate organisms for a long enough 

time. Tests conducted with too few test or ganisms (e .g., Applegate et 

al. 1957; Gardner 1975; McLeese 1976; Sprague 1964a; Tishinova 1977) 

were not used. High control mortalities occurred in tests reported by 

Cairns and Scheier (1964) and Havas and Hutchinson (1982). The water 

quality varied too much during tests conducted by Cairns et al. (1981), 

Nehring and Goettl (1974)', and Thompson et al. (1980). Toxicity tests 

conducted without controls were not used (e.g., Graham et al. 1986) . 

The 96-hr values reported by Buikema et al . ( 1974a,b) we re subject to 

e rror because of possible reproductive interactions (Buikema et at. 

1977). The test organisms were possibly stressed by disease or parasites 

during tests reported by Boyce and Yamada (1977), Guth et al. (1977), and 

Sakanari et al . (1984 ) . Hublou et al. (1 954) conducted tests on zinc 

leached from galvanized trays. Anudu ( 1983), Bradley et al. (198Sa,b ), 
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Cairns (1972), Cairns et al. (1973a,b), DeFilippis and Pallaghy (1976), 

Duncan and Klaverkamp (1980), Fost.er (1982b), LeBlanc (1982), and Wang 

(1986b) conducted studies of acclimation to zinc or used organisms that 

had been exposed or were resistant to zinc. 

Biochemical and histological studies were not used (e.g., Anderson 

and Sparks 1978; Canalon 1982; Cenini and Turner 1979; Eddy and Talbot 1985; 

Kearns and Atchison 1979; Kodama et al . 1982a,b; Nemcsok et al. 1984; 

Rachlin et al. 1985; Sailer et al. 1980; Schmitt et a1 . 1984; Taban et 

al. 1982; Thomas et al. 1985; Vijayamadhauan and Iwai 1975; Watson and 

Beamish 1980; Watson and McKoewn 1976; Yamamoto et al . 1977). 

Results of chronic tests were not used if the concentration of test 

material was not measured (e.g . , Winner and Gauss 1986) or if the test 

solutions were only renewed once a week (e. g., Crandall and Goodnight 

1962,1963). Data on toxicity or accumulation or both from microcosm or 

model ecosystem studies were not used if the concentratian of zinc ih 

water decreased with time (e . g., Bachman 1963; Davis and Negilski 1972). 

Results of laboratory bioconcentration tests were not used if the test 

was not flow-through or renewal (e.g., Dean 1974; Evtushenko et al. 1984; 

Fayed et al. 1983; Hughes and Flos 1978; Joyner 1961; Joyner and Eisler 1961; 

Lyngby et al. · 1982; Skipnes et al. 1975; Sklar 1980; Slater 1961; Young 

1977) or if the concentration of zinc in the test solution was not adequately 

measured (e.g., Mellinger 1972; Munda 1979,1984; Phillips 1976,1977). 

Hardy and Raber (1985) did not measure the concentration of zinc in tissues. 

Van Hoof and Van San (1981) found high concentrations of zinc in their 

control fish. Harvey ( 1974) studied depuration, but not uptake, of ztnc 

by a freshwater clam, and Ferguson and Bubela (1974) studied uptake by 

homogenized algal suspensions. The concentration of zinc fluct uated t oo 

much· in the tests reported by Kormondy ( 1965) and O'Grady and Obdullah (1985). 
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Reports of the concentrations of zinc in wild aquatic organisms 

(e.g., Abdullah et al. 1976; Abo-Rady 1979,1983; Adams et al . . 1980,1981; 

Amemiya and Nakayama 1984; Anderson 1977; Anderson et al. 1978; Arnac and 

Lassus 1985; Badsha and Goldspink 1982; Bailey and Stokes 1985; Barber 

and Trefry 1981; Bohn and Fallis 1978; Bosserman 1985; Bradley and Morris 

1986; Brezina and Arnold 1977; Brooks et al. 1976; Brown 1977; Brown and 

Chlow 1977; Burrows and Whitton 1983; Burton and Peterson 1979; Bussey et 

al. 1976; Caines et al. 1985; Chapman 1985; Chassard and Balvay 1978; 

Coughtrey and Martin 1977; Cover and Wilhm 1982; Cowx 1982; Dallinger 

and Kautzky 1985; EIFAC 1977; Elder and Mattraw 1984; Elliot~ et at. 

1981; Elwood et al. 1976; Estabrook et at. 1985; Felat and Melzer 1978; 

Fletcher and King 1978; Fletcher et al. 1975; Franzin and McFarlane 1980; 

Fraz ier 1975; Friant and Koerner 198 1; Friant and Sherman 1980; Gale et 

al . 1973a,b; Giesy and Weiner 1977; Greichus et al . 1978; Guitlizzoni 

1980; Hakanson 1984; Harding and Whitton 1978; He~t and Klusek 1985; Holm 

1980; Howard and Brown 1983; Huggett et al. 1973; Jeng and Lo 1974; 

Johannessan et at . 1983; Jones et at. 1985; Kleinert et al. 1974; 

Ko1e et al . 1978; Korda et al. 1977; Lee et al. 1984; Lewis 1980; Lobel 

and Wright 1983; Lord et al. 1977; Lowe et at . 1985; Lucas and Edgington 

1970; Lundholm and Andersson 1985; Maas 1978; McFarlane and Franzin 1978; 

McHardy and George 1985; Moreau et at. 1983; Morrison et at. 1985; Nabrzyski 

1975; Nabrzyski and Gajewski 1978; Namminga and Wilhm 1977; Ney and 

Martin 1985; Ney et at. 1982; Norris and Lake 1984; O'Grady 1981; Paul 

and Pillai 1983; Pennington et a1 . 1982; Percy and Borland 1985; Peverly 

1985; Rabe et al . 1977; Ranta et al. 1978; Ray and White 1979; Rehwoldt 

et al. 1976; Romberg and Refro 1973; Salanki et al . 1982; Saltes and 

Bailey 1984; Seagle and Ehl mann 1974; Shearer 1984; Shimma et al. 1984; 
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Shuman et al. 1977; Simpson 1979; Stary et al . 1982; Stokes et .al . 1985; 

Strufe 1964; Teherani et al . 1979; Tessier et al . 1984; Tisa and Strange 

1981; Tsui and McCart 1981; Uthe and Bligh 1971; Van Coillie and Rousseau 

1974; Van Loon and Beamish 1977; Villarreal-Trevino et al . 1986; Vinikour 

et al. 1980; Wachs 1982; Walker et al. 1975; Wehr and Whitton 198:la,b; 

Wehr et al. 1983; Whitton et al. 1981,1982; Wiener and Giesy 1979 ; Winger 

and Andreasen 1985; Wissmar et al. 1982; Young and Blevins 1981, Zadory 

1984) were not used to calculate bioaccumulation factors because e ither 

the number of measurements of the concentration in water was too 

small or the range of the measured concentrations in water was too large. 

Summary 

Acute toxicity values are available for 43 species of freshwater 

animals and data for eight species indicate that acute toxicity decreases 

as hardness increases. When adjusted to a hardness of 50 mg/L, sensitivities 

range from 50.70 ~g/L for Ceriodaphnia ~eticulata to 88,960 ~g/L for a 

damselfly. Additional data indicate that toxicity increases as temperature 

increases. Chronic toxicity data are available for nine freshwater 

species. Chronic values for two invertebrates ranged from 46 . 73 ~g/L for 

Daphnia magna t o >5,243 ~g/L for the caddisfly, Clis t oronia magnifica. 

Chronic values for seven fish species ranged from 36 .41 ~g/L for che flagfish, 

Jordanella floridae, to 85~.7 ~g/L for the brook trout, Salvelinus fontinalis. 

Acute-chronic ratios ranged from 0.2614 to 41.20 , but the rat ios f or the 

sensitive species wer e all less than 7 .3. 

The sensitivity range of freshwater plants to zinc is greater than 

that for animals. Growth of the alga, Selenastrum capricornutum, was 

inhibited by 30 ~g/L. On the othe r hand, with severa l other species of 
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green algae, 4-day ECSOs exceeded 200,000 ~g/L . Zinc was found to bioaccumulate 

in freshwater animal tissues from 51 to 1,130 times the concentration 

prese~t in the water. 

Acceptable acute toxicity values for zinc are available for 33 

species of saltwater animals including 26 invertebrates and 7 fish. 

LCSOs range from 191.5 ~g/L for cabezon ,. Scorpaenichthys marmoratus to 

320,400 ~g/L for adults of another clam, Macoma balthica. Early life 

stages of saltwater invertebrates and fishes are generally more sensitive 

to zinc than juveniles and adults . Temperature has variable and inconsistent 

effects on the sensitivity of saltwater invetebrates to zinc. The sensitivity 

of saltwater animals to zinc decreases with increasing salinity, but the 

magnitude of the effect is species-specific. 

A life- cycle test with the mysid, Mysidopsia bahia, found unacceptable 

effects at 120 ~g/L, but not at 231 ~g/L, and the acute-chronic ratio was 

2.997. Seven species of saltwater plants were affected at concentrations 

ranging from 19 to 10,100 ~g/L. Bioaccumulation data for zinc a re available 

for seven species of saltwater algae and five species of saltwater animals. 

Steady-state zinc bioconcentration factors for the twelve species range 

from 3.692 to 23,820. 

National Criteria 

The procedures described in the "Guidelines for Deriving Numerical 

National Water Quality Criteria for the Protection of Aquatic Organisms 

and Their Uses" indicate that, except possibly where a locally important 

species is very sensitive, freshwater aquatic organisms and their uses 

should not be affected unacceptably if the four-day average concentration 

(in ~g/L) o f zinc does not exceed the numerical va lue given by 
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(0.8473(ln(hardness)]+0.7614) more than once every three years on the 
e 

average and if the one-hour average concentration (in ~g/L) do~s not 

exceed the numerical value given bye (O.S473 (ln(hardness)]+0.8604) more 

than once every three years on the average. For example, at hardnesses 

of 50, 100, and 200 mg/L as CaC03 the four-day average concentrations of 

zinc are 59, 110, and 190 ~g/L, respectively, and the one-hour average 

concentrat ions are 65, 120, and 210 ~g/L. If the striped bass is as 

sensitive as some data indicate, it will not be protected by this criterion . 

The procedures described in the "Guidelines for Deriving Numerical 

National Water Quality Criteria for the Prote~tion of Aquatic Organisms 

and Their Uses" indicate that, except possibly where a locally important 

species is very sensitive, saltwater aquatic organisms and their uses 

should not be affected unacceptably if the four-day average concentration of 

zinc does not exce~d 86 ~g/L more than once every three years on the 

average and if the one-hour average concentration does not exceed 95 ~g/L 

more than once every three years on the average. 

"Acid-soluble" is probably the best measurement at present for 

expressing criteria for metals and the criteria for ~inc were developed 

on this basis. However, at this time, no EPA approved method for such a 

measurement is available to implement criteria for metals t?rough the 

regulatory programs of the Agency and the States. The Agency is 

considering development and approval of a method for a measurement such 

as " acid-soluble ." Until one is approved, however, EPA recommends applying 

criteria for metals using the total recoverable method. This has two 

impacts: (1) certain species of some metals cannot be measured because 

the total recoverable method cannot distinguish between individual oxidation 
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states, and (2) in some cases -these criteria might be overly protective 

when based on the total recoverable method. 

Three years is the Agency's best scientific judgment of the average 

amount of time aquatic ecosystems should be provided between excursions 

(U .S . EPA 1985b). The resiliencies of ecosystems and their abilities to 

recover differ greatly, however, and site-specific allowed excursion 

frequencies may be establish~d if adequate justification is provided . 

Use of criteria for developing water quality-based permit limits and 

for designing waste treatment facilities requi res selection of an 

appropriate waste load alloc ation model. Dynamic models are preferred for 

the application of these criteria (U . S. EPA l985b). Limited data or 

other considerations might make their use impractical, in ~hich case one 

must rely on a steady-state model (U .S. EPA 1986). 
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Table 1. Acute Toxicity ot Zinc to Aq•tlc A•l .. ls 

Herdfteu l~ AdJu•t .. S.-cl• MeM 
(llg/L es or EC50 l~ or EC50 Acute Vel• 

Species ... thod• Ch•lcal CaC01! CesA,•• (I!SA)• .. 'esA, .... Reference 

FRESHWATER SPEC IES 

worm, S, u Z inc chloride 30 6,300 9,712 9, 712 Bailey and Llu 1980 
Lllllbr"lculus varlegatus 

Tublflcld wor"lll, S, u Zinc sulfate 100 >2 , 274 >1,264 >1,264 Wurtz and Bridges 
Llmnodrllus hotf.alsterl 1961 

Worm, s, M 50 18,400t 18,400 18,400 Reh.oldt et al . 1973 
Nests sp. 

Snail (embryo>, S, M 50 20,200t 20,200 Rehwoldt et al. 1971 
Amnlcola sp . 

Sna il (adult), s, M 50 14,ooot 14,000 16,820 Rehwoldt et al. 1973 
Amn I col a sp. 

Sna il (adult) , S, u Zinc sui tate 20 870 1 ,891 Wurtz 1962 
w liellsoma ca111panulatum <1 2 .8•c> 
.c-. 

Sna il (adult) , S, u Zinc sui ta te 20 1,270 2,760 Wurtz 1962 
Hellsoma campanulatllll c22.8 •c> 

Sna il (adult) , s, u Zinc sui tate 100 :5,030 1,684 Wurtz 1962 
He II soma campanu I a tum o 2.8·c> 

Snail (adult), S, u Zinc sui tate 100 1,270 705.9 1, 578 Wurtz 1962 
Hellsoma campanulatum c22.8•c> 

Snail (adult), F, M Zinc chlor ide 36 1, 274 1 ,61U 1,68:5 Nebeker et al • 1966 
Pllysa gyrlna 

Sna II , S, u Zi nc chloride 45 1,800 1,968 cairns and Schel«" 
Physa heterostropha (20.C) 1958b; Acadflly of Nataral 

Sciences 1960 



• 

Tebl• 1. CCotlti•••U 

Herd•ess ~ Adjusted Species....,. 
(llg/l •• orE~ ~or~ Acwt• , ••• 

Species Met~ Ch•lcal C.CO,! Cl!slU .. Cl!lll!:)••• Cl!lll!:)•••• Refweace 

Snail, S, U Zinc chlorIde 45 1,000 1, 093 Ca lrns and Scheler 
Physa heterostropha no•c) 1958b; Acad•y of 

Nat \6" a I ScIences 1960 

Snail, s. u Zinc chlor Ide 170 6,200 2,198 Cairns and Scheler 
Physa heterostropha <2o•c) 1958b; Acad .. y of 

Nat\6"ol Sciences 
1960 

Snail, S, u Zinc chlorIde 170 7,100 2, 517 Cairns and Scheler 
Physa heterostropha <:so·cl 1958b; Acad•y of 

Nat\6"al Sciences 
1960 

Sna II C adult). S, u ZInc sui fltte 20 1,110 2,41} Wurtz and 8r ldges 
Physa heterostropha 1961; Wurtz 1962 

Snail (adult), S, u Zinc sui tate 100 3,160 1, 756 Wurtz and Br ldges 
w Physa heterostropha 1961; Wurtz 1962 
VI 

Sna II {young), S, u Zinc sui tate 20 303 658.6 Wurtz 1962 
Physa heterostropha <1 0.6.Cl 

Sn& II (young), s, u Zinc sui tate 20 434 943.3 Wurtz 1962 
Physa heterostropha < 12.a·c~ 

Sna II C young), S, u Zinc sui fate 20 350 760.8 Wurtz 1962 
Phys& heterostropha <32.2.C) 

Sna II (young), S, u ZInc sui tate 100 434 241.2 Wurtz 1962 
Physa heterostropha c1o.6•c) 

Sna II C young), S, u line sui fate 100 1,390 772.6 Wurtz 1962 
Physa heterostropha <t2.a•c ) 

Sna II (young), S, u Zinc sui fate 100 1,110 617.0 1,088 w..-tz 1962 
Phys& heterostropha C32.2.C) 

Asiatic c lam (1G-21 11111) • S, M Zinc sui fate 64 6,04ot 4,900 4,900 Cherry et al. 1960; 
Corblcula tlumlnea Rodgers et al. 1980 



Teble 1. (CofttiRued) 

Herdaess l.C50 AdJust• Species liMa 
Cllg/L as or E£50 LC50 or EC50 Acute YeiiM 

s~•·• Method• C"-lcal C!OO;)) ll!!JtU .. 'l!&ll)••• 'l!&ll, .... Reter•c• 

Cl adocer an ( <24 hr), R, 14 Zinc chlorIde- 52 180 114.1 174.1 Car I son et ••• 1986 
Cer l od~phn l ~ dubta 

Cladoceran, S, tJ 45 76 (6.10 MoWlt and Norberg 
Cer loda~hn I a retl culat~ 1984 

C I adocer an , s, u Zlnc chlotlde 45 41 44.82 Carl son and Roush 
Cerl oda2hnla retlcu lata 1985 

C I adocer an, S, 14 Zinc chi or Ide 45 :52 34.99 50.70 Carlson a)d Roush 
Cerloda2hnla retlculata 1985 

Cl adoceran, S, u Z inc ch i or Ide <71 . 95 Anderson tiM8 
0 a2hn I a magna 

Cl adoceran , s. u Zinc chi orlde 45. 1 100 108.7 Bteslnger and 
0 a2hn I a magna Chrl5tensen 1972 

C I adocer an. s. 14 Zinc sui fate 45 280 106.1 Cairns et al . 1978 
w 0 a21'1n I a magna 
()\ 

Cl adoceran , s. u 45 68 74.35 Mount and Norberg 
0 a~hn I a magna 1984 

C l adocere~n , s, M Zinc chi or Ide 54 .B4 112.9 Chapman et al • 
0a2hnla magna Manuscript 

Cl adoceran, S, M Ztnc chi or Ide 105 525 280.0 Ctusp~~tan .t at. 
0a21'1n I a 111agna Manuscr l pt 

Cladoceran, s. M Zinc chloride 196 655 205.8 Chapr~an et a l. 
0 a2hn Ia magna Manuscript 

Cl adoceran, f, "' Zi nc chlor ide no 798.9 155.5 155.5 At tar m d Mal y 1982 
0 aphn I a magna 

C I adocer an, s. 14 Zinc sui fate 45 500 546.7 Cairns et ~t. 1978 
Oa~hn Ia put ex 

C l edoceran, S, U 45 107 117 .o 252 . 9 Mount and Norberg 
Oaphn l a pu I ex 1984 



Table 1. (ColttiRued) 

Her dResS l.C50 AdJ•ted Species..._ 
(t~g/L aa orE~ LC50 or EC50 Acute 'elue 

Se!!;les Method* Ch-I cal CIICO)) cl!s/U .. cl!s1u••• Cl!g/U* .. • Ref.-..ce 

Isopod <3-7 nwnl, F, M Zinc sui tate 220 20 110tt 5, 731 5,731 Bosnak and Morgan • 
Asellus blcrenata 1981 

Isopod, S, u Zinc sui tate 20 12,7H 27,680 Wurtz and 8r ldges 
A sel l us commun Is 1961 

I so pod, S, u Zinc sui tate 100 8, 755 4,866 11 ,61 0 Wurtz and 8r ldges 
Asellus commun is 1961 

I sopod <3-7 IMI), F, M Zinc sui tate 152 8,375tt J,265 J,265 Bosnak and Morgan 
Llrceus alabamae 1981 

Amphlpod, R, u Zinc sui fate 50 19,800 19,800 19,800 Martin ~ Holdlch 
Crangon~x eseud29racllls 1986 

Mlphlpod, S, M 50 e toot • 8,100 8,100 Rehwoldt et al. 1973 
Ganwnarus sp. 

Damsel tl y, s, u Zinc sui tate 20 40,930 88,960 88,960 Wurtz and Bridges 
w Argla sp . 1961 
-....! 

Bryozoan, S, u 190- 4,310 1,307 1,307 Pardue ~ Wood 1980 
Pectlnatella magnifica 220 

Bryozoan, s, u 190- 5,630 1, 707 I, 707 Pardue ~Wood 1980 
Loehoeodell a carterl 220 

8ryozoan, S, U 190- 5 ,300 1,607 1,607 Pardue and Wood 1980 
P lumatella emarglnata 220 



Teble 1. <eo.ttft .... ) 

Het'd .. ess LC50 AdJ•t..S Spec& .. ..__ 
(eg/t. •• orE~ LC50 or EC50 Ac.te V.h• 

Sl!!£1es Method• C.._ leal C9)) (l!g/l) .. (l!i£!:)••• Cl!il!:l"•• Reter..ce 

haerlcan eel , s. ... 55 14, 500t 13,380 Rehwoldt et at. t9n 
An9ullla rostrata 

haerlcan eel, s. M Zinc nitrate 53 14,600t I}, 900 1},630 Rehwoldt et al. 1971 
An9ull Ia r ostrata 

Coho salmon (year llnq) , R, M Zinc c hl or ide 94 4,600 2,694 Lorz and Mc:Pher~an 
Oncorhynchus klsutch 1976 ,1977 

Coho sa I mon, F, M Zinc chloride 25 905 I ,628 I. 628 Chap~~~an Md Stevens 
Oncor hynchus klsutch 1978 

Sockeye S~Simon C parr) , F, M Zinc ch l oride 22 749 1 , 502 1, 502 Chapman 1975 ,1978a 
Oncorhynchus nerka 

Chi nook sa lmon Calevlnl, F, M Zinc chi or lde 23 >661 ttt Chap~~ an 1975,1978b 
Oncorhynchus tsha~ytscha 

w Chinook salmon (jiHen ll el, F, 14 Zinc sui fate 21 84 175.2 Finl a yson end Verrue 
(X) Oncorhynchus tsha~ytscha 1982 

Chinook sa l~non f , M Zinc chi or Ide 2l 91 187.} Chap~~an 1975,1978b 
cs~l,.,..up alevl nl, 
Oncorhynchus tsha~ytscha 

Chinook saln~on ( parrl, F, M Zinc chloride 23 46} 894.0 Chap~~ an 1975, t978b 
Oncorhynchus tsha~ytscha 

Ch inook saln~on (~oltl, F, ... Zi nc chloride 2} 701 1,}54 446.4 Cha~an t975,1978b 
Oncorhynchus tsha~ytscha 

Cutthroat trout R, M Zinc sui fate 90t Rabe end Sapping ton 
(f Inger li ng), 1970 
Sa lmo clarki 

Ra lnbow trout ( jiHen II el , F, M Zinc sui fa t e }}0 7,210 1 ,457 Sin ley et al. 1974 
Salmo ga lrdner l 

Ra In bow t rout ( j IIY en II e) , F, 14 Zinc SUI t ate 25 no 17}.6 Si n ley et .,, . 1974 
Sa lmo ga l rdnerl 

Rainbow trout (30.5 g) • F, M Zinc sui fate 30 4.30 662.9 Goettl et al. 1974 
Sa lmo Q<!l lrdner I 

Rainbow tr out (22 . 6 gl • F, M Zinc sui fate }0 810 1, 249 Goettl et a l . 1974 
.Salmo galrdnerl 



Table 1. c CoAt lftued) 

Hardness l£50 Adjust• Species....,. 
(llg/l •• or EC50 LC50 or fC50 Ac..te V•l• 

Si!!!:les Metttocttt Ch .. lcal CIICOs)· CI!Sl!:)•• <egA.)••• <l!at.P•••• Refer•ce 

Rainbow trout (29.7 g), F, M Zinc sui fate 30 410 632.1 Goettl et ••• 1974 • 
Sal1110 galrdnerl 1976 

R" l nhow trout <18. ~ ()) F. M ZInc sui fatA ,,? 4 '\?0 Q'\A n Goet-tl et al . 1974, 

Ra lnbow trout <2.0 g), F, M Zinc sui tate 312 1,190 252.2 Goettl at al. 1974, 
SaiMo galrdnerl 1976 

Rainbow trout (}4.6 g), f , M Zinc sui fate 23 560 1,081 Goettla at a l,.. 1974 
Sal1110 galrdnerl 1976 

Rainbow trout (4.9 g), F, M Zinc sui fate 22 240 481.2 Goettl at al. 1974, 
~ ga I rdnerl 1976 

Rainbow trout (52 .1 g), f, M Zinc sui fate 30 830 1,280 Goettl at al. 1974, 
Salmo galrdnerl 1976 

w Rainbow trout (15.4 g) , F, M ZInc sui fctte 314 7,210 1,520 Goettl et al. f974, 
\0 Sa 11110 ga I rdner l 1976 

Rainbow trout (72 g), F, M ZInc sui fate 102 I ,000 546.6 Goettl at ol. 1974, 
~ galrdnerl 1976 

Ra I nbow trout ( J wen II e), R, u Zinc sui fate 5 280 1, 970 Mcleay 1976 
~ ga I rdner I 

Rainbow trout (al~ln), F, M Zinc chi or lde 23 815 1, 574 Chapman 1975,1978b 
~ galrdnerl 

Ra lobow trout F, M Zinc chlor ide 2} 9J 179.6 Chapa~an 1975,1978b 
( sw lrrt-up al e-dn), 
~ galrdnerl 

RaIn bow trout ( parr> , f, M Zinc chloride 23 136 262 .6 Chapman 1975,1978b 
~ galrdnerl 

Rainbow trout (smolt), f, M Zinc ch l or ide 2} >651 ttt Chapa~ an 1975,1978b 
Salmo galrdnerl 

Rainbow trout (adult male), F, M Zinc chi orlde 83 1, 755 1, 142 Chapman .std Stevens 
Salmo ga lrdner I 1978 



Teble 1. (CofltiRuecf) 

HerdftMS LC~ Adjusted Spec:IM ...... 
C-.g/l oa Of"~ lC50 Of" EC50 Acute Y•l• 

Se!£1es Methocftl Ch•tc:.l C~l (I!Q/l)•• <l!s!P••• Cl!lf!:l"•• Refereftee 

Ra I nbow trout ( j IN en I I e) , F, N Zinc sui fate 46.8 }70 191.} HolcOIIbe end Andrew 
~ galrdnerl 1978 

Ra lnbow trout (j uven II e) , F, N Zinc sui tate 47 .o 517 544.8 Holca.be ond ~ndrew 
Sa lmo galrdnerl 1978 

RaInbow trout ( j uven II e), F, M Zinc sui fate 44.4 756 8}6.0 Holcaabe end Andrew 
Salmo galrdnerl 1978 

RaInbow tro ut ( J wen II e), F, M Zinc sui tate 178 2, 510 855.9 Holca.be ond Andr .. 
Salll\0 galrdnerl 1978 

Ralnbo.., trout (juven ile), F, M Zinc sui tate 179 2,960 1,005 Holca.be and Andrew 
~ galrdnerl 1978 

Ra Inbow trout ( j uven II e), F, M Zinc sui tate t70 1. 910 677.2 HolcOIDbe and Andr .. 
~ galrdnerl 1978 

Ra lnbow trout ( t Inger I lng), S, N Zinc sui tat& 14 560 1,647 Spry and WOod 1984 
1!- Salmo galrdnerl 
0 

Rainbow t rout (fry), F, M Zinc chlor ide 9.2 66 277.0 689.} Cusimano et ol. 1986 
~ galrdnerl (pHa7 0 Q) 

At I antic 54 lmon (parr) , F, M Zinc sui tate 14 740 2 ,176 2,176 Carson and Carson 1972 
~~ 

Brook trout ( jwen II e), F, M Zinc sui tate 46.8 t. 550 1,6}9 Holcc:.t>e n Andrew 
Salvellnus fontlnalls 1978 

Brook trout ( j uven II e) , F, M Zinc sui tate 47.0 2, 120 2,2}4 Hoi em be Sld Andrew 
Sa lvellnus fontlnalls 1978 

Brook trout < juven II e), F, N Zinc sui tate 44.4 2,420 2,676 Holcatbe and Andrew 
Salvellnus tontlnalls 1978 

Brook trout ( juven II e), F, M Zinc sui fate 178 6,140 2,094 Hoi COli be .sld. Andrew 
Salvellnus tontlnalls 1978 

erook trout (juvenile), F, M Zinc sulfate 179 6,980 2, 369 Hoi con be Sld Andre.r 
Salvellnus fontlnalls 1978 



Table 1. (Coftthtued) 

Herd ~tess l.C50 Adjusted Species ...... 
htg/L ea OC"' EC50 LC50 OC"' ~ Acute Value 

Spec In Method• Ch•lcal cam~ (I!!Jil) .. (l!g/l) ... Cl!ji/U .... Refereace 

Brook trout ( J wen II e) , F, M ZInc su i tate 110 4,980 1, 766 2,100 HoI cOIIIbe end Andr•w 
Salve! lnus fontlnalls 1978 

Longtin dace (jwenllel, R, M Zinc sui tate 21 7 790t 227 .8 227.8 LewIs 1978 
Agosla chr~sosaster 

Goldtl sh, S, u Zinc sui fate 50 7, 500 7, 500 Cairns et al. 1969 
Carasslus auratus 

Goldfish (1-2 gl, S, u Zinc sui fate 20 6,440 14,000 10,250 Pickering Md Henderson 
Carasslus auratus 1966 

Common carp t <20 em) • s, M Zinc nitrate 5.3 7,soot 7,424 Rehwoldt et al. 1971 
C~prlnus carp io 

Common carp, S, M 55 7,8oot 7,194 Rehwoldt et al • 1972 
C~prlnus carp io 

Coonmon car p ( 2 • 1 g), R, u Zinc sui fate 19 }, 120 7,083 7,2}} Khang crot et al. 198:5 
~ C~prlnus carp io ,_ 

Golden shiner, s. u Zi nc sui fate 50 6,000 6,000 6, 000 Cairns et al. 1969 
Notemlgonus crysoleucas 

Fathead mlnno., (embryo), F, M Zinc sui tate 174- 1,820 599.0 Pickering and VIgor' 
Plmephales prOMelas 198 1965 

Fathead minnow ( Mbryo), F, lot Zinc sui tate 174- 1,850 608.9 Pickering and ·v 1 gor 
Plmephales pr~elas 198 1965 

Fathead ~lnnow (fry), F, lot Zinc sui tate 174- 870 286.} Picker lng and VIgor' 
Plmephales pr~elas 198 1965 

Fathead minnow (1-2 g) I s, u Zinc su i fate 20 2, 550 5, 54.3 Pic 1<8r lng end Henderson 
Plmephales prONelas (t 5"C) 1966 



Table 1. (CoAtln...-d) 

Herdneaa LC50 AdJ•stM Sp.cles....,. 
(llg/l •• or EC50 ~Ott' EC50 Ac.rt• Value 

Species Method• Ch•lcal ceeo,• (l!g/L)•• Ceg!U• .. 'l!stu .... Ret.-..ce 

F~t head mInnow (I - 2 g) s. u 20 2, :no 5,064 Plck.-II'Q and Henderton 
Plmephales promelas ( 15.C) 1966 

Fathead minnow 0-2 g>, s. u Zinc sui fate 20 no 1,6 74 Picker lrg and Hender10n 
Plmephales promelas (25.C) (780) 1966 

f~thead minnow 0-2 g>, s, u Zinc sui t~te 20 960 2,087 Plck.-lrg and Henderton 
Plmephales pro.elas <25•c> 1966 

Fathead minnow <t-2 g), s. u Zinc su i tate 360 :53,400 6,271 Plckerlrg and Henderton 
Plmephales promelos (25.C) 1966 

Fathead m lnnow 0-2 g), f, M Zinc sui tate 63 12, 500 10,280 Mount 1966 
Plmephales promelas 

Fathead m lnnow ( t -2 g>, f, "4 Zinc sui tate 54 13,800 12,930 Mo161t 1966 
Plmephales promelas 

""' 
fathead minnow (t-2 g), F, M Z i nc sui f~te 97 18,500 10,550 Mount 1966 

N Plmephales prome las 

fathead m lnnow ( t -2 g) , F, M Zinc sui fate 103 25,000 B,550 Mount 1966 
Plmephales promelas 

fathead mi nnow (t-2 g) , f, M Zinc sui tate 212 29,000 8, 528 Mo161t 1966 
Plmephales prONelas 

Fathead minnow ( 1-2 g), F, M Zinc sui tate 208 35,500 10,610 Mount 1966 
Plmephales promelas 

Fa thead minnow (1-2 g). f , M Zinc sui tate 54 13,700 12,840 Mount 1966 
Plmephales promelas 



Table 1. CCotath•ued) 

Hard .... U:50 AdJ•st• Specl" ..._ 
(llg/l •• or EC50 U:50 « EC50 Acute Vel• 

speer .. Method• CheMic• I CICO~) 'es!U .. Cl!sl!:)••• 'ell£!.)•••• Retweace 

fathead minnow (1-2 g), f, M Zinc sui tate 63 6,200 5,097 ~lilt 1966 
Plmephales promelas 

fathead minnow (1-2 g), f, N Zinc sui tate 100 12,500 6,948 Notl'lt 1966 
Plmephates pro.elas 

Fathead minnow (1-2 g) , f, M Zinc sui tate 99 12,500 7,007 Mount 1966 
Plmephales pro.elas 

fathead minnow ( 1-2 g). f, M Zinc 
Plmephales pr~elas 

sui fate 186 19,000 6,242 Mount 1966 

fathead minnow (1-2 g), f, M Zinc sui tate 195 13,600 4,293 Mount 1966 
Plmephales promelas 

fathead minnow (t-2 g), f, M Zinc sui tate 54 4,700 4,403 Mount 1966 
Plmephales pro.etas 

fathead m lnno~~t ( 1-2 g), f, M Zinc sui fate 49 5, too 5,188 Nocnt 1966 
~ Plmephales promelas w 

Fathead minnow (1-2 g) , F, M Zinc sui tate 98 a, 100 4,5eo Mount 1966 
Plmephales promelas 

fathead m lnnow ( 1-2 g), f, M Zinc sui tate 102 9,900 5,41 1 Not.l\t 1966 
Plmephales promelas 

fathead m lnnow ( 1-2 g) , f, M Zinc sui tate 193 8,200 2,611 Mount 1966 
Plmephales promelas 

fathead minnow (t-2 g), f, M Zinc sui fate 216 15,500 4,486 Mount 1966 
Plmephales promelas 

fathead minnow (44.6 mm), s, u Zinc sui tate 166 7,6}0 . 2,760 Rachlin «td 
Plmephales prOMelas Per l•utter 1968 



Tabla 1. (CcMitla..ed) 

Herd...s lC50 MJ•ted Spec:l" .... 
Cllg/L •• or EC50 LC50 or EC50 Acute Yal• 

Species Method• C.._ I eel C9J! <I! at!:, •• 'l!sJu••• 'I!Sl!:»"•• Retwenc:e 

Fatheod 111 lnnow <2-3 g), F, ... Zloc sui tate 203 8,400 2,563 Brungs 1969 
Pl•ephales promelas 

Fathead n~lnnow (2-3 g). F, ... Zinc sui fate 203 10,000 3,051 Brungs 1969 
Plmephales promelas 

Fathead minnow (2-3 g) • S, u Zinc 
Plmephales promelas 

sui tate 203 12,000 3,661 Brungs 1969 

Fathead minnow (1-3 g), S, u Zinc sui tate 203 13,000 3,966 Br~s 1969 
Plmephales prOMelas 

Fathead 111 lnnow (4 wk) , F, M Zinc sui fc1te 46 600 643.9 Benoit and HoiCOibe 1978 
Plmephales promelas 

Fathead minnow (1-2 g), s, M Zinc sui fate 45 3,100 3,}89 Judy and Davies 1979 
Plmephales promelas 

Fathead minnow (juvenile), F, M Zinc sui tate 220 2,610 743.8 Broder I us and S.l th 
~ Plmephales promelas 1979 ~ 

Fathead minnow (larva), s, M Zinc chi or Ide 45 396 4}3.0 Carlson .sld Roush 1985 
Plmephales promelas 

Fathead fftlnnow (<24 hrl, S, M Zinc chi or Ide 52 551 533.0 3,830 Carlson et al. 1986 
Plmepnales prOMelas 

Northern squawf Ish F, M Zinc chi or Ide 2(}-}0 3,498 6,404 Andros and Garron 1980 
( j uven lie), 
Ptychochellus oregooensls 

Northern squawf Ish F, M Zinc chloride 2(}-30 3,693 6,761 6,580 Andros and Garton 1980 
(j wen II e) , 
Ptychochellus oregonensls 

Wh I te sue ker ( 17. 7 g) , F, M Zinc chi orlde 18 2,200 5,228 5,228 Dun cliO and K I averkMp 
Cc1tostomus comMersonl 1983 



Table 1. ceo-tlnUIId) 

Hard .... LC50 MJ•ted Specl ....... 
(.g/L as Of" £C50 LC50 or~ Acute Yal• 

Species ... thod• ctt-lcal c~ 'I!Silu•• Cl!sfl:)He CI!I!P···· Ret..-eACe 

Banded kill If& sh ( <20 on), S, M Zinc nitrate 5} t9,toot 18,180 Rehwoldt et al. 1971 
Fundulus dlaphanus 

Banded kill lf l sh, S, M 55 f9,200t t7. 710 17,940 Rehwoldt at al. 1972 
Fundulus dlaphanus 

Fl~tlsh Cjwenlle), F, M Zinc sulfate 44 1, 500 1,612 1,612 Spehar" 1976a,b 
Jordanella florldae 

Guppy (~ mo) , s. ll Zinc sui tate 20 1. 270 2,760 Picker lng end Hend.-son 
Poecflla retlculata 1966 

Guppy, s. u Zinc sui fate 120 30,000 14,290 Cairns et al. 1969 
Poecll Ia retlculata 

Guppy (fry), s. M Zinc sui fate 30 1,740 2,682 Pierson 1981 
Poecllla retlculata 

Guppy ( ad ul t mal e) , s. ,.. Zinc sui tate 30 5,050 7, 785 Pierson 1981 
~ Poecll Ia reticulate 
Vl 

Guppy ( aclul t fe~~ale), s. M Zinc sui fate 30 6,400 9,866 Pierson 1981 
Poecllla reticulate 

Guppy (adult mal e), s. u Zinc sui tate 
Poecllla retlculata 

118 300,oootttt 
~t~·l end Saxena 

Guppy (adult female>, s, u Zinc sui fate 118 278,oootttt 6,053 ~~~a I end Saxena 
Poecllla retlculata 

Southern platytlsh s. u Zinc sui fate 166 12,000 4, 341 4, 341 Rachlin end Perl•utter 
<20.8 mm), 1968 
Xlphophorus maculatus 

Whl te perch ( <20 011) • s. M Zinc nitrate 53 14,300t 13,610 Rehwoldt et al • 197t 
Morone americana 

Whl te perch, s. M 55 14,400t 13,280 13,450 ttttt Rehwoldt et al • 1972 
Morone americana 

Striped bass ( tlngerl lnq), S, M Zinc nitrate 53 6, 700t,tttt Rehwol dt et al • 1971 
Morone saxatll Is 



Teble 1. (Cofttl•ued) 

Hllrd• ... LC~ Mjustell Specl" ..._ 
(llg/l •• orE~ ~or EC50 Ac:ute Y•l• 

Se!!:l•s W.thod• C"-lcal C.COs,) C!Sill .. cl!sl!:•••• 'I!Sil)•••• Refer..ce 

St-rIped ~ss, S, M 55 6, 800t,tttt Rehwoldt et al. 
Marone saxatllls 1972 

Striped ~ss (63 d), S, u Zinc chi or lde 40 120 145.0 Pal awskl et al. 1985 
Morone saxatllls 

Str lped bass (6:5 d) , s, u Zinc chloride 285 4}0 98.40 119.4 Pat owskt et al. 1985 
Morone saxatllls 

Pumpkl nseed ( <20 em) , s, M Zinc nitrate 53 20,ooot 19,040 Rehwoldt et al. 197t 
Leeomls glbbosus 

Pumpkinseed, S, M 55 20,100t 18,540 18,790 Rehwoldt et of. 1972 
Le22!!!1s glbbosus 

Blue~ Ill 13.5-3.9 g). S, U Zinc chloride 45 4,200 4,592 Cairns and Scheler 
Lepomls macrochlrus <18 •c> 1957, 1968; Acad•y of 

Natw-al Sct..-.cu 1960 

81 ueg Ill (3.5-3.9 g). S, U ZInc chlorIde 45 3,500 3,821 Cairns and Sc~ler 
Lepomls macrochlrus oo·c> 1957; Acad:J of Nat\ral 

Sciences 1 

BluegIll (3.5-3,9 g). S, U Zinc chlor ide 170 12,900 4,574 Cairns and Scheler 
L &J>O!III s macroch lrus < tB•c> 1957; Acad .. y of Natll"'al 

Sc fences 1960 

Bluegill (3.5-3.9 g). s. u ZInc ch lorIde 170 12,500 4,432 Ca lrns and Scheler 
Lee~ls macrochlrus no·c, 1957; Acad•y ot Natll"'al 

Sciences 1960 

81 ueg Ill (2.5-3.9 g). s. u ZInc chlorIde 45 8,020 8,1169 Ca lrns and Sche ler 
Lepomls macrochlrus t958a; Acade.y of Nat\l"al 

Sc lences 1960 

81 ueg Ill (0 . 96 g), F, M ZInc chlor-Ide 45 3,513 3,907 Cairns and Scheler 
Lepomls macrochlrus 1959 

81 ueg Ill (2.60 gl, F, M ZInc ch lor Ide 45 3,453 3, 7J'j Cairns and Scheler 
LepOMis macrochlrus 1959 



Table 1. (CoAt huM) 

Hard ~tess LC~ MjQtM Species..._ 
(llg/L as «" EC~ LC50 or EC50 Acute Yel• 

51!!£1" ~hod· Ch•lcal CeCOJ) ( 1!!1/l) .. Cl!lill!:)••• (l!il!;, .... Refer...:. 

BluegIll ( 54.26 gl, F, M Zinc chlorIde 45 3,314 3,623 Cairns and Sct.ler 
L epom I s macroc h I r us 1959 

81 ueg Ill Cl-2 g), S, u Zinc su lf<llte 20 6,440 14,000 P lcker" lng and Handerton 
Lepomls macrochlrus < 1 5•c1 1966 

81 ueg Ill (1-2gl, s, u Z inc sui tate 20 5 ,460 11,870 Plck.r lng end Hender10 n 
Lepomls macrochlrus t25.Cl 1966 

81 ueg Ill (1-2 gl , s, u Zinc sui tate 20 4,850 10, 540 P lc ker" lng and Hend.-ton 
Lepomfs macrochfrus (25°C) 1966 

Blueqlll (1-2 g) . S, u Zinc sui ta"te 20 5, 820 12,650 Plck..-lng and Hender$0n 
Lepomls macrochlrus <25.Cl 1966 

81 ueg Ill (1-2 g) , s, u Z inc chlor Ide 20 5,370 '1 ,6 70 Plck..-IRJ and Henderton 
Lepomls macrochlrus <25.C) 1966 

.c- Blueg ill (1-2 g), s, u Z inc sui fate 360 40,900 7,679 Picker" lng end Hender$0n 
-...J Lepomls macrochlrus <25. Cl 1966 

8 1 ueg Ill, F, M Zinc sui fate 46 9,900 10,620 Cairns et el. 1971 
Lepomls macrochlrus 

8 1 ueg Ill, F, ,.. Zi nc sui tate 46 12, 100 12; 990 5,937 Ca irns et al. 1971 
Lepomls macrochlrus 

Mozamb i que tll apla (18 g), s, u Zi nc chi or Ide 11 5 1 60oft , 790,0 790 .0 Qureshi and Saksena 
Tllapla mossamblca 1980 



Table 1. CContlnued) 

LC50 Species Mea• 
Salinity or EOO Acute Vatu. 

Species Metttod* Ch•lcal Cg/kg) cwu- cwu- Ref.-..ce 

SALTWATER SPEC IES 

Po lychaete wona (juvenile> , S, u Zinc sui fate 900 Re ish et al. 1976 
Neanthes arenaceodentata 

Polychaete wor~ (adult), S, u Zinc su 1 f ate 1,800 1,273 Reish et at. 1976 
Neanthes areanceodentata 

Po lychaete wor~ (adult), R, u Zi nc su i fate 0. 35 1,500 Bryan «Jd HUIIIIIOrs1"0ne 
Nerels d lvers lcolor 197:5 

Po lychaete worm (adult), R, u Zinc sulfate }.5 1 I ,000 Bryan Md Hunu~~erstone 
Nerel s dlvers lco lor 197} 

Polychaete worm (adult), R, u Zinc sui fate J.7.5 55,000 9,682 Bryan «Jd Hu~mers1"0ne 
Nerels dlverslcolor 1973 

Polychaete worm Cedult), s, u Zinc ch loride 20 8,100 8,1 00 Eis ler and Hennekey 
Nerels vlrens 1977 

~ 
()) 

Polychaete worm (adult), s, u Zl nc su i fate 1,400 I ,400 Re ish and Carr 1978 
Ophryotrocha dladema 

Polychaete wortn (adult), s. u Zi nc su i fate 7,100 7,100 Reish and Carr 1978 
Ctenodrllus ser ratus 

Polychaete wor~ (larva), s, u Zl nc su i tate 1, 700 Reish et al. 1976 
Capite ll a cap l tata 

Po lychaete worm (adult), s, u Zinc sui fete 3,500 2,4J9 Reish et al. 1976 
Cap ite ll a capltata 

Mud sna il Cadul t), s, u Zi nc chloride 20 50,000 50,000 El s ler ~d Hennekey 
Nassar lus obsoletus 1977 

Blue mussel, R, M · Zinc ch lor ide 34 2,500 Ahsanut tah 1976 
Myt llus edu II s planulatus C21•c > 

Blue lllJssel, F, M Zinc ch loride 3,600 Ahsanullah 1976 
Mytll us edu II s planulatus <18 ·c > 

Blue musse l, F, M Z Inc ctt I or I de 4,300 3,934 Ahsl!lnu llah 1976 
Mytllus edul Is p lanul atus cta •c > 



.. 

Table 1. (Conthu_,, 

LC50 Specl" ..... 
Sall•lty «" EC50 Acvte Val• 

Se!!:les Mtwt~· CMIIIcal • 'Ilks» (pg/l)U tl!aAl••• Reter..c:e 

PacIfIc oyster (embryo) , s, M Zinc chloride 263.5····· Nelson 1972 
Crassostrea .9.!..9!!. 

Pacific oyster (embryo), S, M Zinc chloride 30 206.5 23}.3 Olnnel et at. 1983 
Crossostrea Jl.!..9.!!. 

Eastern oyster C embryo), S, u Zinc chloride 25 310 Cel abrese et al . 197} 
Crassostrea vlrglnlca 

Eastern oyster (embryo), S, u Zinc ch loride 26 205.7 Mllclnnes and Calabrese 
Crossostrea vlrglnlca 1978 

Eastern oyster (embryo), S, u Zinc chloride 26 }24.5 Ma<:lnnes and Calabrese 
Crossostrea vlrglnlca C25•c> 1978 

Eostern oyster (embryo), S, u Zinc chi or Ide 26 229.6 262.5 Mite Innes and Calabrese 
Crassostrea vlrglnlca no•c> 1978 

Cll111 (adult), s, u Zinc sui fete 1.5 140,000 Bryant et al. 1985 
~ Macoma balthlco c5•c> \C) 

Clan (ad ul t) , S, u Zinc sui tate 25 700,000 Bryant at al. 1985 
Mocoma balthlca (5•c) 

CIa~ ( ad ul t) , S, u Zinc sui tate 35 750,000 Bryant at al. 1985 
MacOCIIa balthlco c5•c > 

C 1511 (ad ul tl , S, u Zinc sui fate 15 210,000 Bryant et at. 1985 
Mac0111a ba lthlca no•c> 

Cll111 (adult), s, u Zinc sui fate 25 900,000 Bryant et al. 1985 
Macoma balthlca c1o•c > 

Cl M <adult), S, u Zinc sui fate 35 950,000 8ry~Snt et ol. 1985 
Macoma balthlco Cto•c> 

Cl«<''l (adult), s. u Zinc sui fate 15 60,000 Bryant et .al. 1985 
Macoma balthlca c15•c > 



Teble 1. CContlftUed) 

lC50 Species MNft 
SeliA I ty or EC50 Acute Value 

S~les Method• C'"-lcol cg/ka> c..,vu- t&.t~VU-• Ref.-.-ce 

C I <YA ( odu I t), s. u Zinc sulfate 25 180,000 Bryant et ol. 1985 
Mocorno bolthlca C1 '5 •c, 

Clam (adultl, s. u ZInc sui fate 35 250,000 320,400 Bryant et al. 1985 
Moc0111a balthlca <15.Cl 

Quo hog cl om (en~bryo), s. u Zinc chloride 25 195 195 Colabrese and Nelson 
Mercenarla mercenorla 1974 

Soft-shell c i<YA (adult), s, u Zinc ch loride 20 7,700 Eisler and Hennekey 
Mya arenarl a 1971 

Soft-shell clarA ( adu I t), s, u Zinc chloride 30 5,200 6,328 El sler 1977o 
Mya arenarlo 

Squ l d (I arva), s, M Zinc chloride 30 >1. 920 >I ,920 Dlnnel et al. 198.} 
Lollgo opalescens 

Copepod Cadul t), s, u Zinc ch loride 30 4,074 4,074 Lussier and Cardin 
Eurytemora atflnls 1985 

Copepod (adult), s, u Zinc chloride 30 1,507 1,507 l.uss ler and Cardin 
Acart I a c I ausl 1985 

Copepod (adult), s, u Zinc chloride 30 294.2 294.2 Lussier and Cardin 
Acartla tons a 1985 

Cope pod (adult), s, u Zinc chloride 1 I ,450 1,450 Bengtsson 1978 
Nltocra spin lees 

Mysld (juvenile), 
Mysldopsl s bohla 

s, M Zinc chlorIde 30 520.8 Lussier and Gentile 
1985 

Mysld (juvenlle), s. H Zinc chloride 30 547.2 Lussier and Gentile 
Hysldopsls bahla 1985 

Mysld (j uvenlle), F, M Zinc ch loride JO 499 499 Lussier et al. 1985 
Mysld~sls bahlo 



Table t. (Cotltlnued) 

LC50 Speclq ...... 
S.llelty «" EC50 Acute Value 

Se!!:l•a W.thod• Ch-I eel <s!kst trgAl•• tl!sllJ• .. Ret•eace 

Mys I d ( j IN en II e) , S, M Zinc chi or Id e 30 591 .3 591•3 Luss ler end Gentile 
Mysldops l s blgelowl 1985 

Amphlpod (adult), S, u Zinc sui fat e 5 1,000 Bryant et at. 1985 
Coroph l um volutator <5 •c> 

Amphlpod (adult), s. u ·Z inc sui tate 10 4,600 Bryant et at. 1985 
Coroph lua vo lutator (5.C) 

Am ph I pod (adult), S, u Zinc s ui fate 15 6, 500 Bryant et al • 1985 
Corophlum voluta tor <5 •c l 

Amphlpod (adult), s, u Zinc su i fate 25 12,000 Bryant et al. 1985 
Corophlum volutator <5 · c> 

Am ph I pod ( adult) , S, u Zinc sui fate 35 16,000 Bryant et at. 1985 
Coroph l um vo lutator (5.C) 

Amphlpod (adult), s. u Zinc sui fate 5 >t28 ,oootttt Bryant •t al. 1985 
V1 Corophlum vo lutator c10 •c > - Amphlpod (adult), s. u Zinc sui fate 10 1,600 Bryant et al. 1985 

Corophlum volutator oo•c> 

Amphlpod (adult), s, u Zinc sui fate 15 8,500 Bryant et al . 1985 
Corophlum vol utator oo•c> 

Amph I pod <adult), s, u Zinc sui fate 25 11,000 Bryant et al • 1985 
Corophl um vo lutator oo · c > 

Am ph I pod (adult) , S, u Zinc sui tate 35 15 , 000 Bryant et al • 1985 
Coroph lum vo l utator oo•c, 

Mph I pod (ad ul t) , s. u Zinc su i tate 5 1, 100 Bryant et al • 1985 
Coroph l~ vo lutator ct5-ct 

Amphlpod (adult), S, U ZInc sui fate 10 3,200 Bryant et al. 1985 
Coroph lum vo lutator c1s •c , 



Table 1. CContlaued) 

LC50 Spec:l .. ..._ 
Sall•lty or EC50 Acttte Vel-

Se!£1es Method• Ch .. lcel Cslk&) 'esA, .. t.Q/l)••• Ref•..ce 

A•phlpod (adul1'l, s. u Zinc sulfate 15 
'· 400 Bryant et al . 1985 

Coroph I um vo I uta tor 05 •c, 

Am phi pod Cad ul t}, s. u Z inc sui fate 25 4,400 Bryan1' et at. 1985 
Corophlum volutator U5 •c) 

: 
Al!lphlpod (adult), s. u Zinc sui tate 35 3,600 4,683 Bryant et al • 1985 
Corophlum volutator ct5•c, 

Lobster (lldult}, F, u Zinc sui fate 48,ooot* Haya et at. 1983 
Homarus amerlcanus 

Lobster (I arva), s, u Zinc chloride :so 575 Johnson 1985 
Hamar us amerlcanus 

Lobster ( I a..-va}, s. u Zinc chloride :so 574.5 Johnson 1985 
Homarus amerlcanus 

Lobster (larva), s. u Zinc chloride :so 362.5 Johnson 1985 
Vl Homarus amerlcanus 
N 

Lobster (larva}, s. u Zinc chloride :so 115 380.5 Johnson 1985 
Homarus amerlcanus 

Hermit crab (adult), s. u Zinc chloride 20 400 400 Elsl.- and Hennekey 
P!!)urus longlcaq~us 1977 

Ounqeness crab (larva), s. N Zinc chloride 30 586.1 586.1 Dlnnel et al • 1981 
Cancer magister 

Green crab Clerva), s. u Zinc sui fate 1,000 1,000 Connor 1972 
Care I nus 11aenas 

Starfish (adult), s. u Zinc chloride 20 39,000 39,000 Eisler and Hennekey 
Asterlas torbesll 1977 

Munm lc hog (adult}, s. u Zinc chloride 6.1 17,500 Oorhnan 1977 
Fundulus heteroclltus 

Munn~ tc hoq ( ad ul tl , s. u Zinc chloride 24 31,500 Dorfman 1977 
Fundulus heteroclltus 



Table 1. (CoAtlnued) 

LC50 Species MMn 
S•llnlty 0#" EC50 Ac..te V•lue 

Species Method• Ch-lcal tslks) tl!s'u .. 'l!sA.l••• Ref••ca 

!4lftlllchog (adult), s. u Zinc sui fate 6 . 0 32,000 Dorf•an 1917 
F undu I us heterc I I tus 

Mummlchog (adult), s. u Zinc sui tate 22.9 27,500 Dorf•an 1971 
Fundulus heteroclltus 

Mummlchog (Adult), s. u Zinc ch loride 20 60,000 Eisler 8\d Hennekey 
Fundulus heterclltus t971 

"'ul'llllllchog (larva), S, u Zi nc ch l oride 30 8} ,040 36,630 Cardin t985 
fundulus heteroclltus 

Atlantic sllvers lde s. u ZInc chi or Ide 31.2 4, 960 Card In 1985 
<2-wk I arva), 
Menldla menldla 

At I antic s ll vers lde s, u Zinc ch l oride 30 4,170 Cardin 1985 
(newl y hatched larva>, 

V1 Menld la menldla 
w 

Atlantic sllvers lde s. u Zinc ch l oride 30.2 3,703 Cardin 1985 
(new I y hatched I arva>, 
Menldl a menldla 

Atlantic sllverslde S, U Zinc chloride 30 3,060 Cardin 1985 
(new I y hatched I arva), 
Menldla menldla 

At I antic sl i vers Ide s, u Zinc chloride 30 2,728 3,640 Card In 1985 
(new I y hatched larva> , 
Menldla men ldla 

Tidewater sl lverslde S, U Zinc sulfate 20 5,600 5,600 Hansen 1983 
( j uven II e) , 
Menldla penlnsulae 

Str lped bass (6 3 day> , S, u Z i nc chlorIde 430 430 Pal awskl" et al. 
Morone saxatl l Is 1985 

Spot I J uven II e), s. u Zinc sui tate 25 38,000 38,000 Hansen 1983• 
Lelostomus xanthurus 



Teble 1. (C0.tlaue4) 

Species 

Cabazon ( l arva), 
S£orpaen lch~hys aarMOratus 

Winter flounder (larva), 
Pseudop leuronectes amerlcanus 

Winter flounder (larva), 
Pseudopleuronectes amerl c anus 

... tbod. 

S, M 

S, U 

s, u 

Zinc chi orlde 

Zinc chlor ide 

Zinc chloride 

Sellnlty 
(g/kg) 

21 

30 

• S " stat i c; R '" renewal; F : flow-through; M = meas~red; U " 111easured. 

•• Results are Sl(pressed as zinc, not as the chemical • 

LC50 
or EC50 
hg/U .. 

191.4 

18,207 

4,922 

Specl• MNn 
Acute vaa .. 

'rsJu••• 
191.4 

9,467 

••• Freshwater LC50s and EC50s wre adjusted 1o hardness= 50 mg/l using the pooled slope of 0.8195 (see tex t). 
g iven as a range, the geometric ~~~&an of the limits ot the range •as used as the hardness. 

•••• freshwater Spec les ~ot:Jan Acute Values wre cal cui a ted at hardness ,. 50 mg/L. 

••••• Calculated by proclt anal ysls ot the authors• dota • 

t In rive(" ~~et8(" or stl"eam water. 

tt 
Aver~e ot values cal culoted using t1110 different method s . 

Olnnel et al. 198} 

Cardin 1985 

Cardin 1985 

When the hardness Is 

ttt 
Value not used In calculation of slope o r Spec ies Mean Acute Value because this ws a "greater than" value 5\d a nUIIb8(" of other 
volues are available for this species. 

tttt 

ttttt 

t• 

volue not used In cal cul ation ot slope or Spec ies Mean Ac ute Volue because value appeared 1o be high In cmpar lson with other values 
ava II able for thl s spec les. 

Not used In ca l cu lot lon o t Genus r.ean Acute Value (see text) . 

Value not used In ca lculation of Species 1o8M Acute Value because dat., are o7tallable for a more sensitive lite stage. 



Teble 1. (Contl•ued) 

R .. utts of Covariance Anal~sls of fr .. hwater Acute Towlclt~ v.-aus H..-d ... s 

Species n ~ Standard Deviation 95! Confld..ce Ll•lts o!!!: ... ot Freectc. 

Physa heterostropha 12 0.9296 0.2590 0.3521, 1 .5011 10 

Oaphn Ia magna 7 1.2549 0.4026 0.2206, 2.2892 5 

RaIn bow trout 25 ·0.8755 o. 1152 0.63 70. 1.1140 23 

Brook trout 6 0.8119 o.1243 0.4731, 1.1627 4 . 
fathead mlnnov 36 0.8310 0.2217 o. 3802. 1.2818 34 

Guppy 5 1.6441 0.4432 0.2323. 3.0559 } 

Str lped bass 2 0.6500 -· -· -• 0 

81 ueq &I I 16 0.5603 0.1461 0.246 7. 0.8739 14 

All o f abo ... e 109 0.8473 .. 0.0866 0.6754, 1.0192 100 
V1 
V1 

I Standard de ... latlon and confidence limits cMnot be calculated because degrees ot freedOIII'" o. 

•• P = 0.17 tor equality of s lopes. 



Table 2. Q\ra.lc Toxicity of Zinc to Aquatic Aal .. ls 

Herd ness 
(llg/L as U•lts Chronic Value 

Species l!!r.. C"-lcal ce) c,.glu .. Cl!slL> Refer~ 

FRESH~TER SPECIES 

Cl &doceran, LC Z inc 45 <140.3t <140.} 81 esl nger et at o 
DaphnIa magna chloride 1986 

C I adocer an, LC Zinc 52 97-190 1}5.8 Chapntan et al • 
DaphnIa magna chi or Ide Manuscript 

C I adocer an , LC Zinc 104 43-52 47.29 Chapa~an et al • 
DaphnIa magna chlorIde Manuscript 

Cladoceran, LC Zinc 211 42-52 46. 7} Chapn~an et al. 
DaphnIa magna c hi or Ide Manuscript 

Cadd l sfly, LC Zinc }I >5,24}tt >5,243 Nebeker et al. 
Cl lstoronla magnifica color Ide 1984 

Sockeye salmon, ELS Zinc 32-37 >242tt >242 Chapman 1978a 

VI Oncorhynchus~ chi or Ide 
()\ 

Ch inook sa lmon, ELS Zinc 25 270-510 371 .1 Chap~~an 1975 
Oncorhynchus tshawytscha chloride 

Ra lnbow trout, ELS Zinc 26 140-54 7 276.7 Slnley et al. t974 
~ galrdnerl sulfate 

Ra lnbow trout, ELS Zinc 25 444-819 603.0 Ca irns et al o 1982 
~ galrdnerl chloride 

Brook trout , LC Zinc 45. 9 'H4-1, 368 854.7 Holc01be et al. 1979 
Sa lvellnus tontlnalls sui tate 

Fathead 111lnnow, LC Zinc 46 78-145 106.3 Benoit and HoI COR be 
Plmephales promelas sui tate 1978 

Flagf lsh, LC Zinc . 44 26-51 36.41 Spehar 1976a .b 
Jordanella florldae sui fate 

Guppy , LC Zinc 30 <tnt <173 Pierson 1981 
Poecllla ret l eu lata sulfate 



Mysld. 
Mysldopsls bahla 

~ 

LC 

Ch-I cal 

Zinc 
chloride 

Hard•ess 
C-all •• 
cam~ 

SALTWATER SPECIES 

Jottt 

• LC"' llt&-cycle or par-tlol llt&-cycle; ELS"' early life-stage • 

•• Results are based on mellsured concentrations ot zinc. 

t unacceptable effects occurred at all coocentratlons tested. 

tt The highest concentration tested did not cause Ulacceptable effects. 

ttt S<llln lty ( g/kq). not hardness. 

ll•lts CtlrCMIIC Yal• 
'l!sl!:, •• (1!51/l) Refer~ 

t2o-2Jt 166.5 Lussier et al. 
1985 



Table 2. (Continued) 

Acut~hronlc Ratio 

Hw'dness 
(llg/L as Acute Value Chroalc Value 

Sl!!£1•s C.CO,) (l!g/l) Cl!gA, ~ 

Cl adoceron, 52-54 ·334 ns.8 2.459 
Daphnia II!IQn!l 

Cl!ldoceran, 104-105 525 47.29 II o 10 
0 aphn I o 1111gna 

Cladoceran, 196-21 I 655 46.73 14.02 
DaphnIa aogna 

Sockeye salr~~on, 32-37 1,470 >242 <6.074 
Onchohynchus narka 

Ch inook salmon 2}-25 97-701. 371.1 0.2614-
Oncorhynchus tshawytssha 1.889 

Ra lnbow trout, 25-26 430 276.7 I .554 
~ galrdnerl 

Brook trout, 45.9 1,996 .. 654.7 2 • . 335 
Salvel lnus fontlnalls 

Fathead minnow, 46 600 106.3 5.644 
Plmephales promelas 

Flagtlsh, 44 
'· 500 36.41 41.20 

Jordanella tlorldae 

Mysld, }0*** 499 166.5 2.991 
Mys ldopsls bah Ia 

II Ranqe of values g iven In Chapman (f975,t 978a ) for juveniles. 

•• Ge<netrlc mean of tlree values In Table I fr<n Holcaabe and Andrew (1978). 

••• Salinity (g/kg) • 



Table 1. Reltked Genus IIINR Acute V.l•s •l'tt. Species..._ Acut...CWCMtlc Ratloa 

a.n .... Spec:l• ..._ S,.cl• ..._ 
Acute Yalue Acute Yal• Acut..C..,._Ic 

~ (!SIL) .. s~aes 'l!a!tr•• Rataott••• 

fRESHWATER SPECIES 

}5 88,960 O.nsel fly, 88,960 
Argla sp. 

}4 19,800 Mphlpod, 19,800 
Crangon~lC eseud29racllls 

}} 18,400 Worm, 18,400 
~sp. 

}2 11,940 Banded kill It Ish, 11,940 
fundulus d&aehanu§ 

}1 16,820 Sna II , 16,820 
Alllnlcola sp. 

JO tJ,6}0 Mia.'" IC411 eel , 13,630 
Vl Anguilla rostrata 
\1:) 

29 10,560 Pumpkinseed, 18,790 
Lepomls glbbosus 

81 ueg Ill, 5,931 
Lepomls •acrochlrus 

28 10,250 Goldfi sh, 10,250 
Carass lus auratus 

27 9,112 worm, 9,712 
Lumbrlculus varlegatus 

26 8, 157 Isopod, s,nr 
Asellus blcrenata 

Isopod , 11,610 
A sell us communIs 



Table l • (Coati Rued) 

........... Species ..... s.eca .. .._ 
Acute Value Ac.te Value Ac.t...Ciwwllc: 

~ Cl!gluu Se!£1•s '1!9/l) ... Retlolt••• 

25 8,100 ~phi pod, 8, 100 
GaDIIIIZirus sp. 

24 7,2}3 Common carp, 7,233 
Cyprlnus carpio 

23 6,580 Northern squawtlsh , 6,580 
Ptychochellus oregone~sls 

22 6,053 Guppy, 6,053 
Poecllla retlculata 

21 6,000 Go lden shiner, 6, 000 
Hot~lgonus crysoleuc~s 

20 5,228 Whl te sucker , 5,228 
Catostomus commersonl 

" 19 4,900 Asiatic clam, 4,900 ) 

Corb lcula fluMinea 

18 4' 341 Southern pi atyf Ish, 4,341 
Xlphophorus .aculatus 

17 3,830 fathead minnow, 3,830 5.644 
Plmephales promelas 

16 3,265 I so pod, 3,265 
Llrceus alabomae 

15 2,100 Brook trout, 2,100 2.3}5 
Salvellnus tontlnalls 

14 1' 70 7 Bryozoan, t, 707 
Lophopodell a carter I 



Table 3. (CofttiRued) 

S.us Me• s.-:•••....,. s.-:aes ..._ 
Acute Value Acute Velue Acut~bro.lc: 

~ '!sl!:, •• s~les 'l!s'u"• Ratio" .. 

0 1,672 Fl agtlsh, 1,6n 41.20 
Jordanella tlorldae· 

12 1,607 Bryozoan, 1,607 
Ph1natel Ia rostrate 

l1 1,578 Sna II , 1,578 
Hellsoma campanulatum 

10 I ,3~3 Sna II, I ,663 
Physa gyrlna 

Snai l, 1,066 
Physa heterostropha 

9 1, 307 Bryozoan, 1,307 
Pectlnetella magnifica 

a-
8 >l, 264 Tub It I c ld IIIOC'III, >1, 264 ,_.. 

llmnodrllus hoff.alster l 

7 l, 225 Ra lnbow trout, 689.3 1.554 
~ galrdnerl 

Atlantic salmon, 2,176 

~~ 

6 1 .o~o Coho salmon, 1,628 
Oncorhynchus klsutch 

Sockeye salmon, · 1, 502 <6.074 
Oncorhynchus narka 

ChI nook salmon, 446.4 o.1021t 
Oncorhynchus tshawytscha 

5 790.0 Mozambique tllapla, 790.0 
Tllapla mossamblca 



Tabla 1. CCo•tl•uad) 

s-us ..... Species..._ Spacl• IINft 
Acute Value Acute Value Acut...CWORIC: 

~ Cl!g/l)•• Spec: I• cl!gll)••• Ratlott .. • 

4 299.8 Cl odoceran, 355.5 7.260tt 
Daphnia 111agna 

C I adoceran, 252.9 
Daphnia pulex 

3 227.8 Longtin dace, 227.8 
Agosla chrysogaster 

2 119. 4 Striped bass, t 19.4 
Morone saxatllls 

93.95 Cladoceran, 174.1 
Cer-lodaphnla ~ 

Cladoceran, 50.70 
Cerlodaphnla retlculata 

0" 
N 



T•ble 1 • (Continued) 

.... .,.. .... Species ..... Species..._ 
Ac.te V•lue Aerie Val• Acwt.Ciw'oa lc 

~ c!91u .. s~aes C!sl!:)••• Ratlott••• 

SALT~TER SPECIES 

28 ~20,400 Cllllll, }20,400 
Maconta balthlc~ 

27 50 , 000 Nud sna II. 50,000 
Nassarlus obsoletus 

26 }9,000 Start Ish • }9,000 
Asterlas forbasll 

25 }8, 000 Spot. }8,000 
Lelostomus xanthurus 

24 }6,6}0 Mumm I c hog • }6,6}0 
fundulus heteroclltus 

2} 9, 467 Winter flounder, 9#467 
0' Pseudoeleuronectes a~~~erlcanus 
l,..l 

22 1, 100 Polychaete .on~, 7,100 
Ctenodrllus wor• 

21 6,}28 Soft-shell cl•, 6,}28 
Mya arenarla 

20 4,68} Mlphlpod. 4,68} 
Coroeh I"" vol uta tor 

19 4, 515 Atlantic sllverslde, 1,640 
Menldla •enldla 

Tlde.,ater sllv.-slde # 5#600 
Menldla eenlnsulae 



Table 1. <eo.tlnued) 

GeftiiS .... Speclea ..._ Speclea ..._ 
Acarte 'hlue. Acute Value kut..clw'oa lc: 

~ Cl!ifl:» .. Spec: lea CI!SA)••• Ratto••" 

18 8,856 Pol ychaete w:ma, 9,682 
Nerels dlverslcolor 

Polychaete ..onn, 8, too 
Nerels vlrens 

17 4,074 Cope pod . 4,074 
Euryte.ora atftnls 

16 3,934 Bl ue mussel, 3,9}4 
Mytllusedu l ls 

15 2,439 Polychaete WClnn, 2,439 
Capitella cap ltata 

14 >1, 920 Squ i d, >1 ,920 
lo llgo opa l escens 

13 1,450 Cope pod . 1,450 
Nttocra spl ntpes 

12 1, 400 Polyc haet e WClC'111, 1,400 
Ophryotrocha dladema 

11 1,2n Po l ychaet e ..ona 1,27} 
Neanthes arenaceodentata 

10 1,000 Green crab, . 1,000 
Carclnus maenus 

9 665.9 Copepod, 1,507 
Acartta c laus & 

Copepod, 294.2 
Acartla tonsa 

8 586 .1 Oungeness crab, 586. 1 
Cancer mag i ster 



0' 
U'l 

Table 1. CCoatiAued) 

7 

6 

5 

4 

} 

2 

• 

•• 
••• 
•••• 
t 

tt 

.............. 
Acute Velue 

CpgA)U 

54}.2 

4}0 

400 

}80.5 

247.5 

195 

191.4 

Spec: I .. 

Mysld, 
Mysldopsls ~ 

Mysld, 
Mysldoopsls blgelowl 

Str I ped bo!Sss, 
Morone sax at II Is 

Herml t cr/Jb , 
Pagurus longlcarpus 

Lobster, 
Homarus amerlcanus 

Pac I tic oyster , 
Crassostrea ~ 

Eastern oyster, 
Crassostrea vlrglnlca 

Qua hog c l Ml, 
Mercenarla mercenarla 

Cabezon, 
Scorpaenlchthys •armoratus 

Spec:l ....... 
Acute Value 

Cpg/l) ... 

499 

4}0 

400 

380.5 

2}}.} 

262.5 

195 

191 ... 

Specie• ..... 
Acut...C..,..Ic 

Rat loll••• 

2.997 

Ranked fran most resIstant to most sensitive based on GenU$ Mean Acute Val.- • 
Inclusion ot "greater than'' values does not necessarily haply a true ranking, 
but does allow use ot all genera tor which useful data ere available so that 
the final Acute Value Is not lllnecesarlly lowered . 

freshwater Genus Mean Acute Values are at hardness "! 50 111gll • 

Fra~ Table 1; freshwater values ore at hardness,. 50 111giL • 

Fraa Table 2 • 

Ge011etr lc 111ean of ranqe g lven In Table 2 . 

G80111etr lc mean of ttree values In Table 2. 



( 

Tebl• l. CCofttlnued) 

fresh water 

final Acute Value a IJO.l ~giL (at hardness = 50 mg/L) 

Cr iterion Maximum Concentrat ion= (~30.1 ~giL) I 2 s 65.05 ~giL (at hardness • 50 ag/L) 

Pooled Slope~ 0.8473 (see Table 1) 

ln(Crlterfon Maximum Intercept) • ln(65.05)- ( s lope x ln(50)J 

• 4.175 - (0.8473 X 3 .9120) ~ 0.8604 

Cr iterion Maximum Concentrat ion= e <0.84731 ln(hardness)J+0.8604) 

Final Acute-Chronic Ratio = 2.208 <sea text> 

Final Chron ic Value • (1 30. 1 ~IL) I 2.208 = 58.92 ~giL (at hardness~ 50 ag/L) 

Assumed Chron Ic Slope = 0.84 7J (see tuxt> 

ln<flnal Chron ic Intercept> • ln<58.92)- lslope x ln(50)) 

% 4.076 - (0.8473 X 3. 9120) 2 0.7614 

F 1 nal Chron lc va 1 ue ,. e<o .84 73 I In( hardness) 1-+0.7614) 

Sa lt watet" 

Final Acute Value= 190.2 ~giL 

Criterion Maximum Concentrat ion= (190.2 tJgiU I 2 .. 95 . 10 J..19ll 

final Acute-Chronic Rati o • 2.208 (sea text> 

F ln~t l Chronic Value= 090. 2 pgiU I 2.208 ... 86 .1 4 JJg/L 



. . 

Teble 4. Tooclelty of ZhiC tv Aquetlc Plents 

Hw'diii8SS 

(-.g/L •• DuretiCMt CoRc•tretiCMI 
Spec: I• C"--le•l C!CO.J) td•x•• Effect 'l!alP• Ref..-eACe 

FRESH~TER SPECIES 

Blue-green alqa, Zinc 10 Reduced growth >400 Les and W41 Iter 1984 
Chroococcus paris s uf tate 

Green alga, 6 lOS reduct I o n In 50} Bates et at. 1981 
Chla.ydomonas varlabllls d lv I slon rate 

Green alga, Zinc 68 10 Reduced growth 15,000 Ca lrns et al • 1978 
ChI amydomonas .!.!!.• sui tate 

Green alga, Zinc 4 LC50 >200,000 ~ng et al • 1979 
Ch lorel la pyrenoldosa sui tate 

Gr-een alga, Zinc 4 EC50 7,100 Rachlin et al • 1982 
Ch lorella saccharophlla chi or- Ide 

Green alga, Zinc 4 LC50 >200,000 Wong e~ al • 1979 
Chlorella salina sui tat. 

0\ 
-....! 

2,400 Rach lin ald Farran Green olga, Zinc 4 EC50 
Ch lorella vulgari s sui tate (growth) 1974 

Green alga, Zinc 15 EC50 11,990- Ral et al. 1981a 
Ch l ore lla vulgaris chloride <growth) 2},980 

Gr een alga, Zinc }} EC50 5,100 Rosko S1d Rachlin 
Chlor-ella vulgaris ch lor- Ide (cell division) 1917 

Green alga, Zinc 68 5 Reduced growth 20,000 Ca lrns et al • 1978 
Scenedes111us guadrlcauda sui fate 

Green alga, Zinc 4 LC50 >200,000 Wong et al. 1979 
S cenedeSIIIus guadrl c auda sui fate 

Green al ga, Zinc 7 I ncl plent growth }0 Bartlett et al • 1974 
Se lenastrum caprlcor-nutum chloride Inhibition 

Green alga, Zinc 14 EC95 40.4 Greene et al • 1975 
SelenastruM caprlcor-nutum chlor-Ide (growth) 



Table 4. (Coatlnued) 

Herdn"s 
(llg/L •• Ouratloe CloacMtret loe 

Se:!!:l" CheMical C~) Cd•x•, Effect (l!gll.)• Ret..-..c:e 

Green alga, Zinc 14 EC95 68 Greene et al. 1975 
Se lenastru. caprlcornutum chloride (growth) 

Green alga, 14-21 EC50 50.9 Turbak et al. 1986 
Selenastrum caprlcornutum ( b lOIII a SS) 

Dlat<JII, Zinc 68 5 Reduced 20,000 Ca lrns et al. 1978 
Cyc lotella meneghlnlana sui fate growth 

DlatCIII, Zinc 4 EC50 10,000 Rclehlln et al. 1983 
Navicula lncerta chloride 

Dl atom, 58 5 EC50 4,290 Acltdenay of Notural 
Navicula semlnulum <22 •c> (growth) Sc lences 1 960 

0 I at0111, 58 5 EC50 1,590 Acadenay of Notural 
Navicula semlnulum <28 •c> <growth) Sc iences 1960 

Dlat0111 , 58 5 EC50 1,320 Acltden~y of Notural 
"' Navicula semlnulum no•c> (growth) Sc iences 1960 00 

Olat0111, !74 5 EC50 4,050 Acltderay of Natural 
Navicula semlnulum <22 . C) (growth) Sc I encea 1 960 

01 at0111 , f74 5 EC50 2,310 Acoderay of Natural 
Navicula semi nul um <28 •c> (growth) Sciences 1960 

Diatom, 174 5 EC50 3,220 Acadea~y o f Natural 
Navicula semfnulum no•c> <growth) Sc lences 1960 

Diatom, Zinc 294.6 5 LC50 4,300 Patr lck et at. 1968 
Nitzschia llnearls cl'llor Ide 

Duckweed, Zinc 70 Old not ,. .. 654 ~an der Wer tt and 
Lenwna g I bba sui fate d uce b I mass Pruyt 1982 

Duckweed, Zinc 28 EC50 67,700 Bro~«t and Rattigan . 
lemna~ sui tate (tissue d~age 1979 

!lnd death) 

Duckweed , 4 EC50 10,000 Wang 1986a 
L eama ml nor (growth) ----



... . . 

Table 4. (Cofttlnued) 

Hard ft ... 
Cllg/L as Duretloa Coac•trat 1011 

Spec: I" Cheal cal cam,) Cdaxs) Effect 'est!:»• Raf.,...ce 

Duckweed, Zinc 70 Old not re- 654 Van der Werff and 
Selrodela ~~~rhlza sui fate duce biomass Pruyt 1982 

M~rophyte, Zinc 73 Old not re- 654 Van der Wertf and 
Cl.\llltrlche elah~carea sui fate duce biomass Pruyt 1982 

Eurasian watenn II toll, 32 EC50 21,600 Stanley 1974 
Myrloehyllum selcatum (root we lght) 

Macro ph yte, Zinc 28 EC50 22,500 Brown and Ratt lgan 
Elodea canadensis sui fate (tl ssue daraage 1979 

and death) 

Macrophyte, Zinc 73 Old not re- 654 Van der wertt and 
Elodea nuttallll sui tate duce biomass Pruyt 1982 

SALTWATER SPECIES 

0\ Diatom, Zinc 4 EC50 10,100 Rachlin et al • 1983 
\0 Navicula lncerta chlorIde (growth) 

Diatom, Zinc 4 EC50 271 Rosko and Rachlin 
Nitzschia closterlum sulfate (growth) 1975 

Ola'tom, Zinc 4 EC50 .. 360 Rosko and Rachlin 
Nitzschia closterlUIII sui fate (grow-th) t975 

Diatom, Zinc 32* .. 4 EC50 19.01 t Kayser 1977 
Schroederella schroeder! sui tate <growth) 

Dinoflagellate, Zinc 32*** 4 EC50 3,716t Kayser 1977 
G~mnodlnlum splendens sui tate (growth) 

Dinoflagellate, Zinc 32*** 4 EC50 319.1t Kayser 1977 
Procentrum mlcans sui fate . (growth) 



Species 

Coccollthophorld , 
Cr lcosphaera carterae 

GIMt kelp (young fronds), 
Nacrocystls pyrlfera 

c .... teal 

Z inc 
sui tate 

• Cbncentratlon ot zinc, not the chem ic al • 

•• With chel at l rg agent • 

••• Sal inity ( g/kg), not hardness. 

t Calculated from author's dat<~. 

tt.nt ..... 
CIIQIL as Our at lot~~ 
CQ) Cdela) 

4 

4 

eo.c..tratloa 
Effect «ea!!:l• Ret.-.. c.e 

EC50 76.69 .. StIll wei i 1971 
(growth) 

EC50 10,000 C leodenn I rg and 
(photosyn- North 1959 
that fc rate) 





Table ~. (Continued) 

Concefttr at I on S.llnlty Ouratlo• 8Cf or 
Species ce.-tcal In .. ter (!glb)* CalkS) Cd•x•• Tissue BAF•• Refer..c• 

SALTWATER SPECIES 

Green alga. Zinc 7.2-98.000 o.s•••• Who le 1o .ooo Fi sher et al. 1984 
Ounal lelia tertlolecta chl or ide cel ls 

Olat0111, Zinc 7.2-98,000 o.s•••• Whole 12,000 Fl sher et al. 1984 
Thalasslos fra pseudonana ch loride eel Is 

Bro.n macroalga, 11.3 ••••• Whole l,ll8*11•t Foster 1976 
Ascophyl luM nodosum plant 

Brown macroalga, Zinc 9. 5 140 Whole 10, 768t Young 1975 
F ucus serratus chlor Ide plant 

Bro.n macroa lga, 5.21-1 1.9 ••••• Whole 2, 029 Morr is and Sat • 
Fucus ves lc ul osus plant ( 5 ) 1975 

Bro""' macroal ga , II. 3 ••••• Whole 1,02 7111 • t Foster 1976 
~ ves lcu losus p lant 

....., 
N Bro.n macr o a I ga, Zinc 2.4-500 30-}ltt Gr olltth 75.5- Bryan 1969 

Lamlnar la d lgltata sulfate region 295. 011*t 
above 
st lpe 

Peerl wl nkle ( ad ult) , Zinc II 50 Sof t 670t Young 1975 
Llttor lna obtusata chlor Ide t iss ue 

Eastern oyster (adult), ZII'IC 100 126 Soft 23,820t Schuster and 
Crassostrea vlrglnlca chl orIde tissue Pringle 1968 

Eastern oyster (adult) , Zinc 200 126 Soft t7,64ot Schust er and 
Crassostrea v l rglnlca ch loride tissue Pr ing le 1968 

Soft-she l l clam (adult) , Zinc 200 50 Soft sst Pr ingle et al . 
Mya arenarla chlor ide tissue 1968 

Soft-shell clam ( adu It) , Zinc 200 49 Soft 135t Schuster and 
1t£! arenarla chloride tissue Pr I ng Ia 1968 



....., 
w 

.. . 

Table 5. (Contlflued) 

Concan tr at I 0111 S.tt•tty Our at loA 8Cf or 
seectes Ch-lcat In water (!9/l)• •slkg) (da1s) Tissue BAF .. Reference 

Barnecle (adult), 18.6 30 Soft 951 .6t Whl te and walker 
Balanus balanoides tissue 1981 

Shr l111p (adult), Zinc 65 14 Whole 3,692•••·t ,ttt 
~3wet al. 

Pandalus ~ontagul ch l or Ide body 

Mumml chog (juvenile), Zinc 210 56 Scales 40.95t,ttt 
~:¥:b.~ fundulus heteroclltus chlorIde 

Mummlchog (juvenile), Zinc 210 56 Whole 18.10t,ttt 
~¥:b.8f~ Fundulus heteroclltus chloride body 

Mummlchog (juvenile), Zinc 610 56 Scales 43.21 t, ttt 
jgy:be avea. fundulus heteroclltus ch lorIde 

Mu111mlchog (juvenile), Zinc 810 56 Whole 15.80t ,ttt 
i:¥:be,~ Fundulus heteroclltus ch lor ide body 

Mummlc hog (juvenile), Zinc 7,880 56 Sca les 28.60t ,ttt 
i~¥:h.av~ fundulus heteroclltus ch loride 

Mummlchog (juvenile), Zinc 7,880 56 Whole 4,467t,ttt 
~:¥:be 8f384 Fundulus heteroclltus chloride body 

• Measured concentration of zinc. 

•• Bloconcentratlon factors (BCfs) and bloaccll'llulatlon factors (BAfs) ar·e based on measured concentrations ot zinc In 
water and In tissue. Number ot elCpost.re concentrations tr001 which the ge0111etrlc mean tector .as calculated Is given 
In parentheses llhen It Is greater than I • 

••• Factor was converted traa dry ~ijQfght to wet we lght basis • 

•••• Steady-state reached • 

••••• f leld study. 

t calculated from authors' data or qraph. 

tt Steady-state not rebChed . 

ttt 
Concentration of zinc .es the same In exposed cmd control anlflldls. 



Species 

Green alga, 
Chlorella vu lgari s 

Green alga, 
Selenastrum caprlcornutum 

Green alga, 
Setenastrum capr t cornutum 

Green alga, 
Ch lorella vulgar is 

Green al ga, 
Ped lastrum tetras 

Green alqa, 
Scenedesmus quadrlcauda 

Per I phyton, 
M h(ed spec les 

water weed, 
E l odea (Anacharls) 
canadensis 

Moss, 
Fontlnalls antlpyretlca 

Bac ter tun, 
Escher i chia coli 

aacter ""'· 
Escherichia~ 

MIxed hetertrooh I c 
bacterIa 

Mixed heterotrophic 
bacterIa 

Table 6. other Data on Effects of Zinc: on Aquatic Orgett&..S 

Hardness 

Zinc 
sui tate 

Z inc 
phosphate 

Zinc 
sui tate 

Zinc 
sui tate 

Zinc 
sulfate 

Zinc 
sulfate 

Zinc 
sui fate 

Zinc 
chi or Ide 

Zinc 
sui tate 

Zinc 
sui fate 

Zinc 
chi or Ide 

Zinc 
chlorIde 

Cllg/L as 
C!CO;Jl Duration 

FRESH~TER SPECIES 

hr 

14 days 

4 hr 

3 wk 

3 wk 

96 hr 

t day 

l-6 days 

30 1111n 

0.5 hr 

3 days 

Effect 
CoiM:entrat loa 

Cpsll.l• 

33S reduction 100,000 
In StrV Ivai 

Inhibited gro~h 64 

EC50 (ocygen 1,000 
product ion ) 

BCF•2 t0 

IncIpient In­
hibition (river 
water) 

BAF•I, I 00-6,304 

EC50 (ocygen) 8,100 
production) 

Reduced photo- 100 
synthesis 

EC50 (Inh ibi t ion 653.7 
of TDH activity) 

Agrawal t984 

C.Srton 1 972 

Hendricks 8978 

Co Ieman et al • t97t 

Coleman et al. 1971 

Br lngmann a'\d Kuhn 
1959a,b 

John son et al • 1 978 

Brown .v.d Ra tt I g an 
1979 

we 1 se et at • I 985 

Cenci et al. 1985 

Inc i pient 
Inh ibition 

l,4Q0-2, 300 Brlngmann and Kuhn 
1959a 

It> sign I Ucant 
mor1'al tty 

Reduced gro~h 

1,000 

50 

Albright et al e 
1972 

AI bright and Wll son 
1974 



... 
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Table 6. CCofttlaued) 

Hardness 
(llg/L •• CoAcentret ICMt 

S2!£1H ce..tcal can,~ Duration Effect 'l!sl!:,. R•fer .. ce 

Beteterl1111, 4 hr EC50 100,000 W II II Mlson and 
Nltrobacter sp. and Nelson 198} 
Nltrosomonas sp. 

Protozoan, Zinc 28 hr Incipient 330 8r lngmann md Kuhn 
Mlcroregma heterostoma sui tate Inhibition 1959b 

Protozoan , Zinc t .5 hr Reduced vitality 3,500 Mills T976a 
ParaMecium caudatUM sui tate 

Euglena, Zinc } wk 8Cf=t44 Cohnan et al • 1971 
Euglena vlrldls sui tate 

PI ankton, 2 wk R&d uced ~I mary 15 Marshal I et al. 1983 
Mixed species productivity 

Zooplankton, Zinc 3 wk Reduced crust ete eon tOO Marshal I et al. 1981 
Mixed spec les chloride density and diversity 

~ Rot I fer, Zinc 45 48 hr LCSO cs•c• I, 550 Ca lrns et at. 1978 
V1 Phllodlna acutlcornls sui fate oo•cl 1,}00 

H s•c) 780 
(20.C) 600 
(25"C) 500 

Worm, Zinc 45 48 hr LC50(5.C) t 8, TOO Cairns et al. 1978 
Aeolosoma head leyl sui fate c w·c) 17,600 

o5·cl '5~600 
(20.C) 15,000 
<25 •c) 13,500 

Tubl field wona, Zinc 34.2 48 hr LC50 2,980 Brkov lc:-Popov lc and 
TublfelC tublfelC sui fate ~pov lc t977a 

Tubl field wom, Zinc 224 48 hr LC50 130,000 Quresh I et at • 1980 
TubltelC tublfe>C chloride 

Tub I field worm, Zinc 24 hr LC50 46,000 Whitley 1968 
TublfelC tublfelC and sui fate 
LlmnOdrllus hoffmeister! 



Tabla 6. (to.tiRued) 

Hw'd•eu 
Cllg/L aa eo.c .. trat IN 

S~les Ch-lcel C~) Dwatton Effect 'I!SJL)• Ret..-.. ce 

Sna II, Zinc 137-111 48 hr LCSO 13,500 Co lrns et al. 1976 
Gonlobasls ll vescens sui fate 

Snel l, Zinc 45 48 hr LC50t5 •c > 4,800 Cairns et al. 1978 
N ltocr Is sp. sui tate oo•c> 4,600 

05.C) 2,800 
(20.C) 1,900 
<25 •c > 1,650 

Sna II, Z inc 1}7-111 48 hr LC50 4,150 Ca lrns et al. 1976 
L~mnaea emarglnata sui tate 

Snail (adult), Zinc }6 30 days ttl et teet 570 Nebeker et al • 1986 
P hysa qyrlna c hlor ide LC50 171 

Sna il , Zinc 137-171 48 h(' LC50 4,400 Colrns et al. 1976 
Physa lnt!i}ra sui tate 

C lacloceran, Zinc :56 1 days Olron lc val ue 167 Car l son et al • 1986 
......, Cer lodaphn la dubla chlor Ide (river water) 
0\ 

Cl adoceran , Zinc :56 48 hr fC50 ( IMIOb I I f- 164 Carl son et a l . 1986 
Cer lodaphn l a dub Ia ch l orIde :56 48 hr zatlon; river 149 

68 48 hr water) 222 
82 48 hr 366 
90 48 hr 255 

Cladoceran (<6 hr}, Z inc 35} 48 hr EC50 (high 224 C¥1 son and Roush 
Cer lodaphnla retlculata chlor ide 316 so lid s) 114 1985 

392 96 
362 264 
392 195 



•'. . . 

Table 6. CCo~tlnued) 

Hardness 
Cllg/L es Coac•tr•t lOft 

Species Ch•lc:al c.a;> Dur•tlon Etfed Cl!g/U8 R•fer..c• 

l.': ladoceran <adult), 2 wk BCfa9,400 15 Marshall et al. 198:5 
Daphnia galeata mendotae BCF•5,8H }0 

BCf=-6, :5:5:5 60 

Cl adoceran (young), 2 wk 8Cf=9,9}} 15 Marshall et al. 198:5 
Daphnia galeata mendotae BCFa6,9H }0 

Cl adoceran, Zinc 16 hr EC50 <t 9,440 Anderson 1944 
Daphnia magna sui fate ( fmmoblll zatlon) 

Cl adoceran, Zinc 48 hr EC50 1,800 Br lng~~~ann and Kuhn 
Oaphn Ia magna sui fate (river ~~Bter) l959a,b 

Cl adoceran, Zinc 45.} 48 hr EC50 280 Bleslng.- and 
Oaphn Ia magna chloride ( hamob II I zat I on) Chr istensen 1972 

(fed) 

Cl adoceran, Zinc 45.3 21 days 8:50 158 B leslng.- and 

-...J 
Daphnia magna chi orlde (Immobilization) Chr istensen 1972 

-...J 

Cl adoceran, Zinc 45.} 21 days 16• reproduct lve 70 Bleslng.- and 
Daphn ia magna chloride lmpa lrcaent Christensen 1972 

Cl adoceran, Zinc 288 24 hr EC50 14,000 Br I ngcaann and Kuhn 
Daphnia~ chloride < swlnualng) 1977 

Cl adoceran <3-5 days), ZInc 72 hr LC50 oo•c > 5,050 Brag lnskly and 
Daphnia magna sui tate (15•c> 1,096 Shcherban 1978 

(25 "C) 565 
no·c> 14.0 

Cl adocer an (adult), Zinc 72 hr LC50 oo·c> I, 316 Brag lnskfy and 
Oaphn Ia magna sui fate o5•c> I, 100 She her ban 1978 

<25 •c> r ,oro 
< :5o•c > 5.0 

Cl adoceran, Z inc 45 48 IV' LC50t5 "C) 2,}00 Ca irns et al. 1976 
0 aphn I a magna sui fate oo•c> 1, 700 

o 5 •c> 1,100 
C20"C> 560 



Table 6. (ContiRued) 

Herdftess 
(.-g/L es eo.c.trat loa 

Se.!£1es Ch .. lc•l C~) DuntiOft Effect ci!SIJL)• Ret.-ettce 

Cl adoceran, Zinc 130-160 50-70 days Reduced 100 Winner 1981 
Daphnia magna sui tate longevi-ty 

Cladoceran, Zinc 45 48 tr LC50(5.C) 1,600 Ca lrns et al. 1978 
Daphn ia pulex sui tate l1 o•c> I, 200 

C15 •c> 940 
<25.C) 280 

Cl adoceran 2 wk BCfzff, 930 15 Morshal I at' al. 1983 
Bosmlna longlrostrls BCF• 6,300 30 

8CF• 5,183 60 

Cl adoceran, 2 wk BCf•10,870 15 Morsholl et ol. 1983 
E ubosml na coregon I BCF• 6,8H 30 

BCF• 3,86 7 60 

Cope pod (adult), Z inc 10 48 tr EC50 52 Lol ande and Pinel-
Tr opocykops praslnus chloride 10 (~notll lty) 264 Allout 1986 

" 
120 2,934 

00 
Crayt ISh (adul t), Zinc 26 14 deys LC50 84,000 Mirenda 1986 
Orconectes vlrllls s ui tete 

Hoyt I y, Zinc 72 hr LC50 o o•c> 35,710 Bl'"ag lnskl y end 
C I oeon d I pterum sut tate os•c> 6,920 Shcherban t 978 

(25.C) 2,846 
oo•c> 1,330 

Nayfl y ( na lad), Zinc 30-70 14 days LC50 >9,200 Heir I ng 1976 
Ephemerella grandls sui tate 

Mayfly, Ztnc 54 10 d.oys l.C50 16,000 Worn lc k and Bel I 
E phemere I I o subvarla sui tate 1969 

Damselfly, 50 96 hr I,C50 26,200 Reh1110 ldt at al • 1973 
Un identified 

Stonetly (na iad} , ZtllC ~G-70 14 d.oys LC50 >U,900 Netr lng 1976 
Pteronarcys callfornlco sui fate 

Stonet l y, Zinc 50 14 days LC50 32,000 Warnick and Bell 
Acroneurla lycorlas sui tate 1969 

Cadd l sfly, Zinc 52 It doys l.C50 32,000 Wornlck and Bell 
Hydropsyche batten I su i tate 1969 



' .. . . 
Teble 6. (Cofttlftued) 

Hardness 
(ltg/L •• eo.ce.tr.~ loa 

s~a .. CMalcel CPJ) OuretiCM Effect <l!iiU• Reter~ 

Citdd I sf I y , 50 96 hr LC50 58,100 Rehwoldt et al. 1973 
Un ldentl fled 

Mosqul to (pupa) , Zinc .. 72 hr 20. ,.,-.tallty 500 Abbasi et al. 1965 
~aegyptl sui fate 30• IIOC"'tall ty 5,000 

Midge, 50 96 hr LC50 18,200 Rehwoldt et al. 1973 
Chlronomous sp. 

141 dge C anbryo 1o 3rd In s'tar) , Zinc 46.8 10 days LC50 }6.8 Anderson et al • 1980 
Tanytarsus dlssl•llls chloride 

Coho salmon (fry), Zinc 3-10 24 hr Decrease WI I te 500 Mcleay 1975 
Oncorhynchus klsutch sui tate blood cells 

Coho salmon (2 .9 g), Zinc 30.5 1.75 hr No effect on 654 Rehnb.-g end Schreck 
Oncorhynchus klsutch ch loride o l taction 1986 

-...! 
Sockeye salmon (afevln) Zinc 96 hr LC50 1,66} Chapaan 1978a 

\0 Caccl l111ate1 1o zinc), chlor ide 
Oncorhynchus~ 

Sockeye sal111on ( al8111n) Zinc 115 hr LC50 >630 Chopraan 1978a 
( occl lr•a te1 1o zl nc) , chlor Ide 
Oncorhynchus nerka 

Sockeye salmon (alevln), Zinc 115 hr LC50 447 CIH1pnu1n 1978a 
Oncorhynchus nerka chlorIde 

Sockeye salmon, Zi nc 2Q-~4 3MO Hone (adult 1o 112 Chap~~an 1978a 
Oncorhynchus nerka clllor Ide 511101 t) 

Ra lnbow trout, Zinc 320 285 tnln LT50 10,000 lloyd 1960 
~ gatrdnerl suf fate 180 rnln 11,000 

162 Min 11,500 

Ra 1 nbo• trout Z inc 15-20 7 days LC50 (ted) 560 Lloyd 1961a,b 
(1.62 011) • sulfate 
~galrdnerl 

Ra lnbow trout Zinc 320 3 days LC50 (fed) 3,500 Ll oyd 1961a,b 
0.62 em) , sui tate 
Sa lmo gatrdnerl 

Rainbow t r out ( flngerllnq), Zinc 320 48 hr LC50 3,860 Herbert end Shurben 
~ gal rdner I sui fate 1964 



Table 6. (Coftti•Medl 

HardA .. S 
(llg/L •• ODK•tr•tl• 

Spec I• Ch•lc:al C!!CX>s) DuretiOft Effect 'eatP• Reterenc:e 

Ra lnbow trout, Zinc 44 48 tr LC50 (high 910 Herbert and Sh urben 
ll!!.2 galrdnerl sui fate sod I"' chi or Ide) 1964 

Ra lnbow trout, Zinc 320 48 tr LC50 (low D.O.) 2 ,400 Herbert and Shlrben 
Salmo galrdner I s ui fate 1964 

Ra lnbow trout (3-4 mo), Zinc 320 48 Ill" LC50 2,460 Herbert and VanDyke 
Salmo galrdnerl sui fate 1964 

Ra In bow trout ( ye«" I lng) , Zinc 320 48 hr LC50 5,000 Herbert and ~keford 
~ gal rdner l sui fate 1964 

Ra lnbow trout Zinc 290 5 days LC50 4,600 8all1967 
(46.7-125.5 g) , s ui fate 
~ galrdnerl 

Rainbow trout <13.7 g), Zinc 290 100 days Da11ag ed g II 15 800 Bro..n et al . 1968 
Salmo galrdnerl s ui tate 

0 
) Ri!l lnbow trout, Zinc 1}-15 10 •In Avoidance 5.6 Sprague 1968 

Salmo galrdnerl sui t~Ste 

Ra lnbow trout ( 1 yr), Zinc 240 48 hr LC50 4,000 Brown Md Dalton 1970 
~ galrdnerl s ui fate 

Rainbow trout (100.9 g), Zinc 51 T I SSUI!I hypo)( Ia 40,000 Burton et at . 1912b 
~ galrdnerl sui tate 

Ra lnbow trout ( fry), Zinc 20 96 hr LC50 90 Garton 1972 
Salmo gal rdnerl phosphate 

Ra lnbow trout ( embryo) , Zinc 25 5 days LC50 135 Slnley et al. 1974 
~ galrdnerl sut tate 

Ra lnbow trout ( fl nqr llng Zinc 333 22 •o LC 10 1,055 Slnley et at. 1974 
fo adult), sui tate 
~ galrdnerl 

Ra tnbow trout ( t 5-17.5 011) , Zinc 504 48 tr LC50 4 ,760 Solbe 1974 
~ gal rdnerl s ui tate 

Ra lnbow trout, Zinc 51-68 48 Ill" Decreased bl ood 1,430 Se llers et at • f 975 
Sa lmo galrdnerl s ui tate p0.z and pH 

Ra lnbow trout (200 mm) , Zinc 98 10 days LC50 800 Goett l et al • 1976 
~ galrdnerl s ui fate 



.. . 
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Table 6. (Continued) 

Herdnes• 
(..,L es C:0.CM1ret Ia. 

S~les Ctt.lcel C.CO,) Duration Effect (~L)· Referenc. 

Ral nbow trout, Zinc 5.1-10.5 Increased 15,340 Hodson 1976 
Sll!lmo galrdnerl sui fate hr lli!Ctlc ocl d 

RaInbow trout (year II ng), Zinc 374 85 days Inhibited 1,120 Watson and McKeown 
Sa lmo gal rdner I sui fate growth 1976 

Rainbow trout (2 mo) • Zinc 96 hr LC50 550 Hole 1977 
Sa lmo ~alrdnerl li!Cehite 

Ra lnbow trout, Zinc 36 24 hr LC50(5•C) 2 , 800 Cairns et al. 1978 
Sa lmo galrdnerl su l fate <15.C) 1,560 

oo•c, 2,100 

R a I nbow trout Zinc 104 28 dAys EC50 ( deoth and 1,060 Birge 1978; Birge et 
(embryo, l~rvA), chloride (92-110) deformity) (1 ,120, al. 1978,1980,1981 
Sa lmo gAlrdnerl 

RaInbow trout, Zinc 112 40 min 94• Avoidance 47 Block and Birge 

co Salmo ga lrdnerl chloride 1980o,b 
...-

Ra lnbow trout Zinc 30 days lncreosed gill 290 Wotson and Be~Aish 
(80-120 g), suI fate enzymes 1980 
~ golrdnerl 

Rolnbow trout (50 g), Zinc 18.7 72 hr LC50 2,000 Lovegrove and Eddy 
Solmo golrdnerl su i fate 1982 

Rlll nbow trout, Zinc 96 hr Cl rcul otory 1,250 Tuurala and Solvlo 
Salmo galrdnerl chlorIde vasoconstriction 1982 

Ra I nbow trout Zinc 6.0-6.5 9 days Hyperg I yceml a 352 W11gner and McKeown 
(j uven l I e), su i fate 1982 
Salmo galrdnerl 

Rolnbow t rout 42 days D0111aged 4}1.5 Leland 1983 
(juvenile), hepatocytes 
Solmo galrdner l 

RaInbow trout Zinc 14 96 hr LC50 670 Spry lWld Wood 1984 
(finger I lng), sui fate (pH=6 .0) 
Salmo galrdnerl 



Table 6. (Coatlaued) 

Hardness 
(llg/L as CoAcelttrat lo. 

Species ChMical eel Durat80ft Effect 'l!sA>• ReferMce 

Rainbow trout (gamete>, ZInc: 40 min Reduct ion In 20,000 Billard and Roubaud 
Salmo galrdnerl sul tate spe,.atozoa 1985 

surv Ivai; no 
ettect o n 
tert I ll zat lon 

Ra inbow trout (2.7-3.3 g), }85 9.4 hr LT50 19,100 Brad ley and Spragu. 
~ galrdnerl (pH=6.99) 1985 

}0. 5 10. 4 hr 5,780 
(pH=6.98) 

390 ".5 hr 18,900 
(pH=5.49 ) 

32.5 16.0 hr 5,570 
( pH125.49) 

389 6.3 nr 26, 900 
(pH"'7.00) 

385 9.4 hr 19,100 
( pH=6.99) 

00 
}88 12.9 hr I 3,800 

N {pH .. 7 .02) 

RaIn bow trout {embryo) , Zi nc 30 10 hr LT50 14,000 R0111bough 1985 
~ galrdnerl nItrate 9 IV" 13,000 

20 hr 12,000 
18 IV" I I ,000 
18 llr 10,000 
18 hr 9,000 
20 hr 8,000 
36 hr 6,000 

>168 hr 2,000 

Ra i nbow tro ut (embryo Z inc 30 14 IV" LT50 I 4,000 R0111bough 1985 
with capsule removed), n ltrate 18 hr 13,000 
~ galrdnerl 361¥" '2,000 

30 hr 11,000 
37 hr 1o,ooo 
58 hr 9,000 
70 hr 8,000 

>168 t.r 6,000 
>168 hr 2,000 
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Table 6. CCoAtlnued) 

Hardness 
Cllg/L u Coac•tr•t ·-Species Ch•lcel C@)! Duratla.. Effect c I!SA.l• Refw•ce 

Rainbow trout (5 days Zinc 87.7 48 hr LC50 24,000 Shaz Ill and Pa.:oe 
post tertii lzatlon), sui tate 1986 
Salmo galrdnerl 

Rainbow trout (10 days Zinc 67.7 48 hr LC50 <1,000 Shazl ll and Pasco. 
post fertilization), sui tate 1986 
Salmo galrdnerl 

Rainbow trout (15 days Zinc 87.7 48 hr LC50 9,100 Shazl ll and Pasco. 
post tertii I zatlon), sui tote 1986 
~ galrdnerl 

Rainbow trout (22 days Zinc 87.7 48 hr LC50 1,000 Shazlll and Pasco. 
post tert Ill zat I on), sui tate 1986 
Salmo galrdnerl 

Rainbow trout ( 29 days Zinc 87.7 48 hr LC50 4,300 Shazlll and Pasc~ 
post tert Ill zat Jon) , sui tate 1986 

co Salmo gatrdnerr 
w 

Rainbow trout (36 days Zinc 61.1 48 hr LC50 9,200 Shazlll and Pascoe 
post fertilization), sui fate 1986 
Salmo galrdnerl 

Ra inbow trout (2 days Zinc 87 .7 48 hr LC50 3,200 Shculll and Pascoe 
post hatch), su i tate 1986 
~ galrdnerr 

RaIn bow trout ( 1 days Zinc 87.7 48 hr LC50 3,400 Shazl ll and Pascoe 
post hatch), sui fate 1986 
~ galrdnerl 

Atlantic salmon (parr) , Zinc 18 4 hr EC50 (t:Noldance) 49.88 Sprag.- 1964b 
Sa lmo sellar sui fate ------
At I antic salmon (1.36 Q)' 14 n-25 hr LT50 954.4 Zitko and Carson 1976 
Salmo solar 

At I antic sa lmon, 14 Incipient 150-1,000 z I tko and Carson 1977 
~ salar lethal lw el 



Tabla 6. teo.tlnued) 

Hardness 
(llg{L as eo.c...trat lOll 

Specl•s C"-lcel ce) Durat'IOft Effect 'I!I!P• R•t.-.. ca 

Atlllf'ltlc sat11100 Zinc 12.1-24.4 21 days LC50 1,450 fa.-..- et al. 1979 
(juvenile), sui tate 1,600 

~~ 510 
1,460 

340 
150 

Atlllf'ltlc salmon (yearling), Zinc 14 >168 hr LT50 100 Sprag l8 and Rmuay 
~..!!!!!: sui tate 58 hr 410 1965 

t 5,6 hr 650 
9.4 hr 1,060 
2.6 hr 4,190 

Gold tl sh <3-5 gl, Zinc 1-4 IT LT50 100,000 EllIs t 937 
Carasslus auratus sui fate 

Goldfish ( lmnaat~e), Zinc 29 7 days HI stolog leal 2,000 Branag• l!fld Fuchs 
Carasslus auratus sui tate dMage 1976 

CX> 
-'=' Goldfi sh Zinc 195 7 days S::50 (death and 2,540 Birge 1978 

(embryo, larva), chlorIde deforralty) 
Carass lus auratus 

Gold tl sh, Zinc 36 24 hr LC5<H5.Cl 103,000 Cairns et at. 1978 
Carasslus auratus sui tate <15 •c> 40,000 

oo•c> 24,000 

C011111on carp ( e~~bryo), Zinc 360 EC50 (hatch) 14,420 Kapur and Y adav 1982 
Cyprlnus carpio sui tate 

Common carp n 50-4 00 g), Zinc 2 hr OOT, GPT and 4,797 Neclcsok and Boross 
Cyprlnus carpio chlorIde LOH U'laf fected 1982 

Common carp (2.1 g). Zinc 19 48 hr LC50 7,280 Khangarot et at • 1984 
Cyprlnus carpio sui fate 

Golden shlnet", Zinc }6 24 hr LC50t5-c) ",400 Cairns et al. 1978 
Notemlgonus crysoleucas sui fat9 o 5•c, 1,160 

oo•c> s, .no 



.. . 

Table 6. <Co•tlnued) 

Henhtess 
(llg/L as CDKentret'loa 

Se!:!:les C"•lc.l C-'»J! Durat-Ion Etfect 'est:u• ReferetW:• 

Fathead mIn now (1-2 g), Z inc 20 96tr LC50 680 P lcker lrg and 
P lmephales promelas acetate Henderson 1966 

Fathead minnow, Zinc 203 10 In() EC83 ( fecundIty) 160 Brungs 1969 
Plmephales promelas sui tate 

Fathead minnow , Z i nc 103 96 hr LC50 (F Ish from 6, 140 Birge et al. 198.) 
(adult), ch i or Ide 254-271 pof¥t con tam lnated 5,960 
Plmephales prOMelas wl th hecwy Metals) 

fathead m lnnow, Zinc 392 96 tr LC50 ( h lgh sol ld s) <2,660 Carl !Dl and Roush 
( I arv a) , chloride <2 ,930 1985 
Plmephales prome las 

fathead m lnnow (larva) , 48 7 days Red uced growth 125 Norberg ~ Mol.l'lt 
Plmephales prOMe las 1985 

Fathead minnow (<24 hr), Zinc 36 96 hr LC50 (river .eter) 393 Carl son et al. 1986 
00 P lmephales promelas chi or Ide 55 440 
l..n 68 556 

82 655 
90 807 

Channel catfish , Zinc 206- 236 . 40 tr Decreased blood t 2,000 Lewis and lewis 1971 
( t I ng er I I nq) , sui tate osmolar lty 
lctalurus punctatus 

Channel caUl sh, Zinc 90 5 days Increased •stenaan and Birge 
(embryo, larva), ch lorIde a I bortl Sla 1976 
l c t a lurus punctatus 

Channel catfl sh, Zinc 313 14 days LC50 (high 6,200 Reed et al. 1980 
( fingerling), su i tate alkalinity) 
lctalurus punctatus 

Guppy ( 5 mo) , Zinc 4 mo Reduced repro- 660 Uv lovo and Beatty 
Poecl lla ret l c ulata sui fate ductlon 1979 

Guppy, Zinc 260 96 hr LC50 (high 54,950 Khangarot 1981 
Poec llla ret l culzsta sui fate so lid s) 



Tabla 6. Ceo-tl~ued) 

tt.rdn"s 
(llg/L •• eo.c:.trat loa 

Species Cheal cal C.C0,) Ourat ICM Eff.ct (pall)• Rater..c:e 

Guppy (184 mg), Zinc 260 48 lr LC50 75,000 l<hongorot at ••• 1981 
Poecllla reticulate sui tote 

Guppy (try), Zinc }0 167.5 hr LC50 1,450 Pierson 1981 
Poecllla reticulate sui fate 

Str Iped boss ( M~br'yo) , 137 2G-25 hr LC50 1,850 0 1Reor 1971 
Morone saxat lll s 

Str Iped boss ( fry) , 137 48 hr LC50 1,180 O'Reor 1971 
Horone saxatllls 

Blueqlll (2.5-:5.9 g), Zinc 44.} 96 hr LC50 (period lc 4,900 Cairns and Scheler 
Lepomls macrochlrus chloride low D.O.) 1958a; ~ot.JM~y ot 

No tur al Sc I enc as 1960 

Bluegil l , Zinc .no 20 days LC50 (00•1. 91 ) 7,200 P ickering 1968 
lepomls macrochlrus sui tate <00•2.12) 7,500 

(00~3.46) 10,700 
(X) (()()c3.29) 10,500 
0\ 

((X)s5.50) 12,000 
(()(p5.53) 10,700 

Bl ueg Ill < try) , Zinc 51 3 d.sys Lethal 2}5 Ca irns and Sparks 
Lepomls mocrochlrus sui tate 1971 ; Sparks at ai . 

t9nb. 

Blueg Ill (18. 7 g). Zi nc 68 12 lr LT50<2o•c> 32,000 Burton at al. 1972a 
le~l s macrochlrus sui tate 4.7 hr cso-c> 32,000 

Bluegill (}9.97 g), Zinc 1-2 4 lr Increased cough },000 Spark$ et al. 1972a 
lepomls •acrochlrus sui tate response 

BluegIll, Zinc }6 24 lr LC50(5•c) 23,000 Ca lrns et al • 1978 
Lep~ls macrochlrus sui tate (15.C) 19,100 

oo•c> 8,850 

BluegIll (j wen lie), Zinc 11 2 40 11ln n• avoidance 43,700 Bl ack and Birge 1980 
L epom Is macroch I rus chi or ide 

B1118g Ill < try) , Zinc JU 14 days LC50 (high 11,000 Reed et al • 1980 
Lepomls macrochlrus sui tate alkalinity) 



.. 
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Table 6. (Continued) 

Hardness 
C.-giL •• Coac•tr•t lOll 

S~les Ch•lcal CIICOj) Duration Effect 'l!slu• Reference 

Largemouth bass Zinc 93-105 6 days EC50 (death and 5,160 Birge et al. 1978 
(embryo, larval, chloride deform lty) 
Mlcroeterus salmoldes 

Largemouth bass ( juven II e), Zinc 112 40 111ln 57~ avoidance 7,030 Black and Birge 1980 
Mlcroeterus salmoldes sui tate 

Largemouth bass Zinc 9 days £C50 (death and 5, 180 Black and Birge 1980 
< anbr yo, I arv a) , chlorIde deformity) 
Mlcropterus salmoldes 

largemouth bass Zinc ~13 14 days LC50 (high 6,000 Reed et al • 1960 
( t Inger I In g) , sui tate al kalln lty) 
Mlcropterus salmoldes 

Narrow-mouthed 'toad Zinc 195 7 days EC50 (death 10 Birge 1978; Birge et 
(embryo, larva), chloride and deformity) al . t 979 
Gastrophryne caro llnens ls 

()) Marl> I ed salanander Zinc 9~-1 05 8 days EC50 (death 2,~0 Birge et al • 1978 
-...J (embryo, larva), chlorIde and defonalty) 

Ambystoma opacu. 



Tobie 6. (CcNitlnuod) 
Sal htlty Coftc•frat IOta 

s~•·• C.._lc:el 's'ks, Ouratlatt Etfoc:t 'eatu• Refer~ 

SALTWATER SPECIES 

Green alga, 65z1nc 35 7 days 8Cf • 2.164••• Styron et al. 
Carter Ia sp. 1976 

Green alga, 65zlnc 34 7 days BCF • 16. 12 .. • Styron et al. 
ChlamydOMOnas sp . 1976 

Green alga, Zinc 12 days EC50 (growth) >33,600 Wlktors and Ukelos 
Ounallella euchlora chlorIde 1982 

Green alga, Zinc 12 days EC50 (growth) 37,220t Wlktors and Ukeles 
Ounallella auchlora sui tate 1982 

Green alga, 65z1nc 44 7 days 8Cf a 43.88••• Styron et al • 
Ounaltella salina 1976 

Green alga, Zinc 15- m In No effect on 6,538 Overnel I 1975 
Ounallella tertlolecta sui fate potassho r ... 

tentlon 
co 
co Green alga, Zinc I 5 mtn EC50 ( QCygen 65,380 Overnell 1976 

Ounallella trertlolecta sui tate production) 

Green alga, Zinc 12 hr' EC50 (growth) n,ooo Fisher e t al . t98~ 
Ounal lelia tertlolecta chtor Ide 

Green alga, 65z Inc 42 1 days BCF "' 16. 12*** Styron e t a l • 
Nanochlorls atomus 1976 

Golden-brown alga, 12 48 hr Reduced chlorophyll 2,000 WII son llld Freeberg 
lsochrysls gatbana 16 (16.C) ..!. about 65• 430 1980 

20 810 
26 1,200 

Go I den- brown at ga, 7 48 hr Reduced chlorophyll 4,400 WII son and Freeberg 
lsochrysls gafbana 12 <2o•c> ..!. obollt 65. 1,300 1960 

16 74 
20 520 
26 too 
31 2,300 

Go I den- brown alga, 12 48 hr' Reduced Chi orophyll t ,000 WII son lWld Freeberg 
lsochrysls galbana 16 (2d.C) ..!. about 65• 3,000 1980 

20 800 
28 3,000 



.. 

Table 6. (Continued) 
Sellnlty Coftcefttret loa 

S~les C"-lcel ci!ka• DuretiOft Effect 'i!~u· Ref.-eace 

Golden-bra..n al ga, Zl nc 12 days EC50 ( gra..th) >33,600 "' k fOf"S and Ukeles 
lsochrysls galbana ch loride 1982 

Go lden-bra..n algcs, Zinc 12 days 
lsochrysls galbancs sui fate 

EC50 (grovth) 33, toot Wlkfors and Ukeles 
1982 

Golden-brown alga, Zinc 15 min EC50 < reducted 1,308-1,961 Overnell 1976 
Monochrysls luther! sui fate oxygen pro-

duct ton) 

Golden-brovn alga, Zinc 12 days EC50 (grovth) >33,600 Wlkfors and Ukeles 
Monochrysls luther! chloride 1982 

Go lden-brovn al ga , Zl nc 12 days EC50 (grorlh) 31,01 0t Wlkfors and Ukeles 
Monochrysls luther! sui fate 1982 

Diatom, 65ztnc 40 7 days BCF = o.o4••• Styron et al. 
Achnanthes brevlpes 1976 

Dl atom, Zinc 30 1-5 days St imulated grovth <100 SubrS~anlan et al. 
· Nitzschia longl ss lma su lfate 1980 

CXl 
\0 

23% reduction Dl atom, Zinc 11-1 5 days 25,000 Jensen et at . 1974 
Phaeodacty lum trlcornutum chlor ide In grorlh 

D I at01n, Zinc 13 days BCF = 1 80o•••· t . 250 Jensen et at. 
Phaeodactylum trlcornutum chloride 1974 

D I atQn, Zinc 14 days BCF= an•••· t 10 ,000 Jensen et al. 
Phaeodacty lum trlcornutum chloride 1974 

D I atan, Zinc 15 min No effect on >65,380 Overnell 1976 
Phaeodactylum trlcornutum su lfate oxygen evolution 

Dl atom , 65z t nc 37 7 days BCF • 16 .1 2*** Styron et al • 
Phaeodactylum tr lcornutum 1976 

D latQn , Zinc 25 10-14 days 19% reduct ion 3,000 Braak et at. 1980 
Phaeodactylum trlcornutum sui f ate In grolllth 

Di atom , Zi nc 12 days EC50 (growth) >33,600 Wlkfors and Uke les 
Phaeodactylum trlcornutum chlor Ide 1982 



Table 6. CCotatln'*n 
Selin lty Coltc•tretloa 

Species ee--l eel cg/ks, Duretloa Effed (I!&A.)• Ret•.-ce 

Diatom, Zinc 12 days 74.2• reduction 48,000 Wlktors ond Ukales 
Phaeodact~lu• trlcornutum sui tate tn growth 1982 

Diatom, Zinc 13 days 8CF • 4,ooo•••·t Jensen at al. 
Skeletonema costatum chloride 1974 

Diatom, Zinc - 12 days BCF ,. 16o•n,t Jensen et 41. 
Skeletonema cos tatum chlorIde 1974 

Diatom, Zinc tt-15 days 23% red uc:t ton 50 Jensen et at. 1974 
Skeletone~~a cos tatum chi or Ide In growth 

Diatom, Zinc HH4 days B;50 (growth) t92.9t Braek et ••• 1976 
Skeletonema costatum sui tate 

DIatom, Zinc to-14 days EC50 (growth) 175.6t Braek et at • 1976 
S ke I etonema costatum sui tate 

Diatom, Ztnc 15 naln tb effect on >65,380 Over nell 1976 
Skeletone~~a cos tatum sui fate oxygen evol ut lon 

\C) 
Diatom, Zinc 25 to-14 days 20% reduction too Braek et at • 1980 0 
Skeletone~~a costatum sui tate In growth 

Diatom, Zinc 30 1-3 days St lnaul a ted growth <200 Subranaonlan et al • 
S ke I etone~~~a costa tum s ui fate 1980 

Diatom, Zinc 3 days AI tered cytopl as-- 265 Snalth 1983 
S ke I eton&lfta costa tum chloride na lc 1110r phol ogy 

Diatom, Zinc 3 days BCF • 765 Smith 1983 
Skeletonema cos tatum chloride 

D I at01n, Zinc Il-l 5 days 4U reduction 500 Jensen et at. 1974 
Thalassloslra ~seudonana c hi or Ide In growth 

Diatom, Zinc t3 days BCF • 148 ... ,t Jensen et al • 
Thalassloslra ~seudonana chlor ide 1974 

DIatom, Zinc 15 days BCF ,. 350***•t Jensen et al. 
Thai ass los Ira ~seudonana chloride 1974 



.. 

Teble 6. (C.O.tlnlledl 
Se ltntty C.O.C.tr•tlo. 

Species Ch•tcel Cg/kg) Duretlo. Effect cl!alll• ReferMc::e 

Diatom, Zinc 1G-14 days fC50 (gro•thl uo.at ~aek et at. 1976 
Tholosslos lro eseudonona sui tat e 

Diatom, 14 2 days Reduced chI orophy I I •II son Md Freeb.-g 
Thalossloslra eseudonono c12•c> ~about 65l <tOO 1980 

(16•cJ 170 
<2o•c> <100 
(24•e> <100 
<2s •c> 200 

Dia t om , Zinc 12 hr EC50 (growth) 823.1 F lsher et al • 1984 
Tho I ass los Ira e seudonana chi or Ide 

Diatom, Zinc 32 5 days fC50 (growth) 25.aot Ka yser 1977 
Thalassloslra rotula sulfate 

Pllytopl ankto n (diatom) •• BAF • tl3 Martin and Knauer 
1972 

Dlnotl a9ellote, Zinc tG-14 days fC50 (growth} 559.2t Braek et at. 1976 
\.0 Amehldlnlua corterl sui tate ..... 

Ol not l agel late, Zinc tG- 14 days tt> s ign ltlc ont 200 Broek et ol • 1976 
Am~hld lnl~ corter l sui fate effect o n growth; 

lnlllb I ted growth 
In presence of 50 
.,g oopper/L 

Dinoflagellate, 28 2 days Reduced chloro phyll 20 Wll~ and Freeberg 
G lenod In h.1111!!.!!.!! ..!. about 65~ 1980 

0 lnof l agell.,te, t4 2 days Reduced chlorophyll Wll son and Freeberg 
Gymnod in ium selendens (16 .C) ..!. about 65~ 700 1980 

(30.C) 1,400 

Dinof l agellate, 26 2 days Reduced chlorophyll Wilson «ld Freeberg 
Gymnod lnlu~ splendens < t6•c> ..!. about 65• 392 1980 

<2o•c> 240 
<24 · c> 110 
<28•c> 120 
uo•c> 300 



Table 6. (QoatiAued) 
Sal lfttty 

eo.c.trat ·-
s~aea C"-le.l 'ilks, Our at to. Effect h!sll,. Retareace 

Olnotl agell at'e, Zinc }2 50 days llS reduction 10,000 Kayser 1977 
Scrlppslella faeroense sui tate In c ell n~M~bers 

Brown ~acroalga, •• BAF • t,60l••••tt 
Ascophyll~ nodosum ~~~uus et al . 

Brown ~acroal ga, Zinc }} 10 days O&creased growth; 250 Str011gren 1979 
Ascophyll~ nodosum color Ide no et feet at too .,g/\. 

Brown ~acroalga, Zinc :n 10 days O&creased growth; 1,400 Str011gren 1979 
f ucus serratus cAlor Ide no et feet at 100 .,g/\. 

Brown ~acroalga, Zinc t hr AI tered lipid >6.8 ~ lth and Harlf()()d 
fucus serratus chi or Ide ID&taboll sa 1964 

Brown macroalga, Zinc }} 10 days DBcreased growth; 1,400 Str011gren 1979 
~ splralls chloride no ef feet at tOO .,g/L 

Srown macro a I ga, •• BAf • t,6t2•••·tt Melhuus et al. 
fucus veslcu losl s t976 

\0 
Bro wn macroalqa, Zinc }} 10 days Decreased growth; 7,000 Stroagren 1979 N 
~ veslculosls ch i or Ide no et feet at 2, 900 .,g/L 

Brown ~acroal ga, Zinc 24 days ABduced growth >100 Bryan 1969 
Lamlnar la digitate sui tate 

Brown ~aero a I ga, Zinc 6-10 days Reduced qrowth of 250 Hopkins and Ka In 1971 
La.lnarla hyperborla sui fate sporophytes 

Brown ~roalga, Zinc 7 days Abno,...al taatur at I on 5,000 Hopkl ns and Ka In 1971 
Lamlnarla hyperborla sui tate of ga~Ntophytes 

Brown ~acroalga , Zinc :n 10 days DBcreased growth; 1,400 Stroagr8!' 1979 
Pelvetla canallculata chlorIde no et teet at 100 119/\. 

Green macroa lga, Zinc 6 days ecF • 255•••·t 65.}6 Har lton ld Is et 
..!!J..2 lactuca c hl oride al. 198} 

Green macroalga, Zinc 6 days BCf • 5.t50•···t 6,518 Har I ton ld ls et 
..!!J..2 I actuca chloride at. 198l 
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Table 6. ceo.tanuect) 
Salinity CcMK:e~~tretloa 

seec:tes Ch-lcal c9Jkg) Duratloa ftfec:t (I!SJL)• Ret.-.-c• 

Red llll!ICroalga, Zinc 6 days BCF = 107.5••• ·t 65.38 Har I ton ld Is et 
Grac ll arla verrucosa chlorIde ol. 1983 

Red macroalga, Zinc 6 days ea= .. 16.25··· ·t 653.8 Har I ton ld I s et 
Grac ll ar la verrucosa chlorIde al. 1983 

Red macroalga, Zinc 6 days BCF= 3.225····t 6, 536 Har I ton ld Is et 
Gracl larl a verrucosa c hi or Ide al . 1963 

C II late protozoan. Zinc 34 4-5 hr Reduced growth ~.63 Gray and Yentllla 
Cr l stlgera sp. sui fate 19B; Gray 1974 

Ciliate protozoan, Zinc 35 48 tv- 10• r eduction 10,000 Persoone and • 
E up totes vannus chloride In gro'tfth uyrters prot 1975 

C II la t e !l"'Otozoan. Zi nc 35 48 hr 100• reductio n In 1oo.ooo Persoone end 
Euplot es vannus chi or Ide In growth Uytters prot 1975 

Po l ychaet~ wont (j wen II e), Zinc 28 days l.C50 ~0 Re i sh et al. 1976 
Neanthes arenaceodentata sui fate 

\0 Polychaete wont (adult). Zinc 28 days LC50 1, 400 Re i sh et al. 1976 w 
Neanthes arenaceodentata sui fate 

Polychaete 1101"111 (adult),ttt 
Zlnl 0~~~ 96 ttr LC50 

1i:l88 lr~~~. 1973 Nere l s dlverslcolor sui a t e 
17.5 94,000 

Polychaete wor• (adult) .ttt 
Zl n<J 17.5 34 days BCf ,. ~~~?t 18:888 lr~~r~e 1973 Nerels d lverslco lor sui ate 

19.71 25,000 
15.4 7 25,000 
3.314 t 00,000 
2.867 100,000 
1 .274 250 ,000 
1.204 250,000 

Polychae te worm (adul t), Zinc J 1 48 hr' LC50 330-1,000 Parker 1984 
Ophryotrocha dladema ch l or ide 



Table 6. CC:O..tlnued) 
Salinity eo.c-tratl• 

Se!£1H Ch•lc:al Cslks) Duratloe Effect CI!SlP• Refer•ce 

Polych~ete won., Zinc 21 days Chronic value;•••• 223.6 Re ISh and Carr 1978 
Ophryotrocha dladema sui fate ( ecute-chron lc rat lo • 

6.261) 

Pol yctuJete wonn, Zinc 21 days Chronic value;•••• 223.6 Reish and Carr 1978 
Ctenodrllus serratus sui fate ( ecute-chron lc ratio .. 

3 I .75} 

Polyc haete wonn ( I arv a>, Zinc >16 days Abnof"''llal develop- so-too Reish at al o 197 .. 
Capitella capitate sui tate 111eot 

Po l yc h&ete worm (adult), Zinc 28 days LC50 1,250 Reish et •• • 1976 
Capitella capitate sulfate 

Mud snail (adult), Z inc 25 n hr Depressed ocygen >2,000 Macinnes and Thtrb.-g 
Nassarlus obsoletus chi or Ide COilSIIllpt Jon 1973 

Mud snail (odul t), Zinc 25 72 hr lnhlb l teod locanotor 10, 000 Macinnes and Th~rb.-g 
Nassarlus obsoletus chloride behGYior 1973 

Mud sna II (adult), Zinc 25 72 hr ~rt~llty 50,000 Macinnes and ThtrbW"g 

\0 Nassarlus obsoletus chloride 197} 
.j:-

Blue mussel (adult), Zinc 1 days 1£50 >5,000 Martin et al • 1975 
Myt II us edu I Is sui fate 

Blue mussel (adul t), Zinc 1 days E£50 (byssal ttread 1,800 Martin et al. 1975 
Myt II us edu I Is sui fate production) 

Blue mussel (adult), Zinc 22 ApprolC • LT50 Cotter et al • • 1982 
Mytllus edulls chloride tO days oo•c> 3,000 

6 days U6.C) 3,000 
4 days (22.C) 3,000 

Blue mussel (adult) , Zinc 35 14 days Reduced rest !t" aoo-1,000 Cotter et al. 1982 
Myt II us edulls chi or Ide tance to thennal 

shock 



.. 

Table 6. (CoAt hua.d) 
Sell"lty CoK•tratl .. 

Si!!!:IU c-.. leal c9tk9, Owatla. Effect 'l!sl!:!. Ret.-..ce 

Blue mussel (adult), Zinc ·n.t 2-6 days f.C50 (shell growth) 60 Straagren 1982 
Nytllus edulls chloride 

Blue mussel (embryo), Zinc 30 n hr EC50 (development) >96<314 Olnnel et at • 1983 
Nyt II us edu II s chloride to vellger) 

Blue mussel (adult) , } days Red uc~ she I I ?_200 Manley et al. 1984 
Nytllus edulls deposit ton 

.Pbe ltlc oyster (larva), Zinc 29 6 days Abnonaal devel Optllent >125 Brereton et at • t9H 
Cr assostrea .9..!.9!.! sui tate and decrees~ growth 

Pac If tc oyster (embryo), Zinc 29 2 days l.C50 241.5t Brereton et at • 
Crassostrea ~ sui tate 1973 

Pac ltlc oyster (larva), Zinc 29 5 days Delayed and reduced 125 Boyden et al • 1975 
Crassostrea ~ sui fate larval settleraent 

Pacific oyster Zinc 34 4 days EC50 (growth) 80 Watling 1982 
C6-day I arvid, chi or Ide 

\0 Cretssostrea ~ V'l 

Pac It lc oyster Zinc 34 4 days L.C50 >tOO Wa tl lng t 982 
(6-day I arvo), chlorIde 
Crassostrea .9..!.9!.! 

Pac If lc oyster Zinc 34 4 days EC50 (growth) 95 W~ttl lng t 982 
<t6-day larvo>, chlorIde 
Crassostreo ~ 

Pac It lc oyster Zinc 34 4 days lC50 >100 Watling 1982 
06-day I arva>, chlorIde 
Crassos'tre.a ~ 

Pbeflclc oyster (sperm>, Zinc 27 60 111ln EC50 (tertII tzatlon) 443.6 Dlnnel et at . 1983 
Crassostrea ~ chi or Ide success) 

Pac I tic oyster 34 20 days Reduced larval 1G-20 Wotl lng 198J 
(t9-day larva>, settl a'llent 
Crassostrea ~ 



Teble 6. (C:O.ttftued) 
Selin tty C.O.C::.tret IN 

Seecles Ch•lcal <slkg» Duret lOft Effect (I!&ILJ• Ref..-•c:e 

Pac I tic oyster 34 6 days EC50 (larval 3o-35 Watling 1983 
(19-day larva) , 5ettllng) 

· Crassostrea ~ 

Pac I tic oyster ( juven II e), 34 23 days LC50 75 Watling t 983 
Crassost rea ~ 

C I ern ( I arv a) , Zinc 34 72 hr 53% mortal lty 200 Ho ~ Zubkotf 1982 
Mullnla lateralls chlorIde 

Clem (larva), Zinc 34 72 hr EC50 (uptake ot 116 Ho and Zubkoft 1982 
Mullnla laterall s c hlorIde ca lc lulll) 

Quahog cl ern (larva), Zinc 24 8-10 days l.C50 195.4 Cal abre5e et al • 1977 
Mercenarla mercenarla chlorIde 

Cope pod (adult) , Zinc }5 24 hr LC50 1,380 A.rnott and Ahsanullah 
Paracalanus parvus chi or Ide 1979 

Cope pod (ad ul tl, Zinc 30 72 hr l.C50 3,150 Lussier and Card ln 
\() Pseudod laptomus coronatus chloride 1985 
0\ 

Cope pod (adul tl, Zinc 30 72 hr l.C50 707.1 Lussier end Card In · 
Acartla clausl chlor Ide 1985 

Cope pod (adult), Zinc }5 24 hr l.C50 1,860 Arnott and · Ahsanullah 
Acartla simplex c hl or Ide 1919 

Copepod (adult) , Zinc }5 24 hr l.C50 1,090 Arnott ond Ahsanullah 
Scutell ldlu• sp. c hlorIde 1979 

Zooplankton (COp.lpod •• 8AF • 1,670 Martin end Knauer 
and euphausld) 1972 

Barnacle (adult), Zinc 2 days LC90 }2,000 Clarke 194 7 
Ba lanus balanoides n ltrate 

Barnacle (adult), Zinc 5 days l.C90 6,000 Cl arke 1947 
Ba lanus balanoides nItrate 



.. 

Tabla 6. (Coftt lnued) 
Salin lty eo.c..trat loa 

Se!!:laa Ch•lcal Cg/kg) OuratiOft £Ifact (l!atJ:•• Raf..-a.c. 

Isopod (adult), Zinc 1}.6 48 hr LT50 10,000 Jones 1975 
ldoteo balttco sui fate 20.4 80 hr 

27 . 2 70 nr 

Isopod (adult), Zinc 34. 0 120 hr 40• IDOrtollty 10,000 Jones 1975 
ldotea bolt teo sui tate 

Isopod (adult), Zinc 27.2-34.0 . 120 hr tb ef feet on OSIIIo- 10,000 Jones 1975 
I dotea baltica sui tate regulatory ob II tty 

I so pod (adult), Zinc 13. 6 <24 hr LT50 20,000 Jones 1975 
ldotea baltica sui tate 20.4 30 hr 

27.2 70 llr 
34,0 54 hr 

I ospod (adult), Zinc 34. 0 120 hr At fected 05111o- 20, 000 Jones 1975 
I dotea baltica sui tate regulatory ability 

Isopod (adult), Zinc 13.6 120 hr so• mortal tty 10,000 Jones 1975 
Jaera albttrons sui fate 20.4 30. mortality 

\0 
27,2 6J mortal tty 

'-I 34.0 16• 110rtollty 

lospod (adult), Zinc 13.6 120 hr 8H 1110rtal lty 20,000 Jones 1975 
J aera albltrons sui tate 20.4 4d lftOrtaltty 

27,2 40• mortal lty 
34.0 22• mortal lty 

Isopod (adult), Zinc 3.4 t 20 hr Af tee ted 05111o- 20,000 Jones 1975 
Jaera alblfrons sui fate regulatory ability 

Isopod (adult), Zinc 17-34 120 hr tb effect on OSIIIo- 20,000 Jones 1975 
!.!!!!:!. a I b If ron s sui tate regulatory ab tllty 

Grass st\r IMp ( I arv a) , Zinc 3-31 35 doys Mortal tty related >250 McKenney 1979; 
Pal aemonetes ~ chlorIde 1o sol In lty and McKenney ond Neff 

te~~~perature; altered 1979,1981 
develop~ent rates 



Tebl• 6. (Coftttftued) 
Sell" lty eo.c:...tret lo. 

Se!!!:l•• Chell leal 'sl!!S) Duret I on Eff.et (!&!!:,. A•f.-•c• 

Pink shrimp (adult), Zinc 48 hr LC50 4 ,o50t Port. on 1968 
Pandalus montagul sui tate 

Amer Icon l obster (adu lt), Zinc 96 hr No signIfIcant ef tects 62,000 Haya et at • 198} 
Homarus amertcanus sui fate on adenylate enerqy 

c harge; sign I tlcant 
decreases In oct lvlty 
of Na/K-ATPase and 
r~sldual ATPase In gills 

American lobster (adult), Zinc 96 hr BCF a 20.56 (gllllt 25,00Q- Hoya et at. 198} 
Homarus amerJcanus sui tate 62,000 

Green crab (adult), Zinc 48 hr LC50 14,500 Connor 1972 
Carclnus maenas sui fate 

Green crab C adult) , Zinc 48 hr LC50 Approx.t Forman 1968 
Care I nus maenas sui tate 8,100 

Green crab (adult), 65ztnc 38 3 mo BCf "' 130 Renfro et al. 

\0 
Carc lnus maenas chi or Ide 1975 

()) 
65z1nc Green crab (adult), 38 } mo BAf a 210 Renfro et al. 

Carclnus maenas chloride 1975 

Mud a-ab ( I arva), Zinc 20 13-18 days tO slgnlf lean delay 25-50 Ben IJ ts-C I a us and 
RhtthroEanoe!us harrlsll chi or Ide In develop~ent rate Ben ljts 1975 

Mud crab (larva), Zinc 20 B-18 days Sl qn ltlcant delay In 25-50 Ben lj ts-CI a us and 
Rhlthropanopeus harrlsl I ch lor ide dev elopraent In COIIIbl n- Ben ljts 1975 

at I on wl th 25-50 .,g 
leod/L 

fiddler crab (adult), Zi nc 15 and 21 days lnhlbl ted limb re- ~1,000 wets 1980 
~ pugllator chloride 30 generat.lon; ettect 

greater at lower 
sa linities 

Starf ish (adult), Z inc 24 hi" Loss of equ ll lbrlum 2,212 G41tsotf and 
Asterlas torbesll sui fate Loosono f t t 93 7 



Table 6. (Coftthtued) 
Sal htlty C:O.C:•tr•t ·-Se!!:l•s Ctt.lcal (glkg) o..-atlon Ettect tl!sd,. Ret..-Mce 

Sand dollar (sperm), Zinc 27 60 11ln EC50 <tertii 1- 28 Dlnnel et at. 196} 
Oendraster excentrlcus chloride zat loo success) 

Sand dollar (a.bryo), Zinc 30 n hr EC 50 ( dw el opmen t 580-820 Olnnel et al. 198} 
Dendraster excentrlcus chloride to pi uteus stage) 

Sea u-ch In (embryo) , Zinc 21-42 hr Inhibited gastru- 1,199 Waterman 19.H 
Arbacla punctulata chlorIde latlon 

Sea u-chln (embryo) , Zinc 21-42 hr t-brtal tty and },998 Waterntan 19.H 
Arbacla punctulata chlorIde Inhibition of 

gastrul atlon 

Sea urchIn (embryo), Zinc 21-42 hi" Inhibited gastru- 810 waterman 1 9}7 
Arbacla punctulata sui fate latlon 

Sea urchin (embryo), Zinc 21-42 hi" Mortality and 2,314 Watennan 1937 
Arbacla punctulota sui fate lnhlb ltlon of 

qastrulat lon 

Sea urchIn (embryo), Zinc 21-42 hr Inhibited gastru- 3,564 Water.an 1937 
"' Arbacla punctulata acottate latlon 
"' 

Sea urchin (gemete), Zinc 4-12 min Stlmulatoo sperM 1 ,6}4 Young and Nelson 1974 
Arbacla punctulata chloride motl I lty 

Sea urchin (qmete), ZInc 4-12 min Reduced sperm },269 Young and Nelson 1974 
Arbacla punctutata chloride motility 

Green sea urchIn <sperm>, Zinc 27 60 mln EC50 ( fert I I 1- 147.6 0 lnnel et al. 1983 
Strong~locentrotus 
droebachiensis 

ch loride zatlon success) 382.8 

Green sea u-chln (embryo), Zinc 30 5 days EC50 (dwel opweot >26 . 6<50.6 Olnnel et at • 1963 
Strong~locentrotus chlor ide to pi uteus stage 
droebachiensis 

Red sea u-chln (sperm), Zinc 27 60 min S:::50 ( fert II 1- 313.3 01 nnel et at. 198} 
Strong~locentrotus 
franclscanus 

ch i or Ide zatlon success) 



Table 6. (Continued) 
Salinity ConCMtret lOR 

Species C"-lcal Cg/ki) Duration Eff.c:t (l:!g!U• Ref•enc:e 

Purple se~ urchin (gamete), 100-400 tal n Enh~nced sperm 653.8 T1111ourlon and 
Strong:tlocentrotus 
puq~urafus 

mot ility Wotctnaker 1971 

Purple sea urch in <gamete) 1 o-100 min No effect on 61538 Tl mour I on and 
Strongylocentrotus sperm motility w~tchmoker 1977 
pureurafus 

Pur pie se~ urchIn <gamete) 1 l OQ-400 111ln Inh i b ited sperm 6,538 T l111our I on and 
Strongy locentrotus mot ility Wotchlll.,ker 1977 
pureurofus 

Purple sea urchin ( sperm) , Zinc 27 60 min EC50 (fertlll- 206.1 Dlnnel et al. 198} 
Strongylocentrotus chloride zat I on success) 261.8 
puq~urafus 

Purp I e sea urchIn (embryo ) , Zinc 30 5 d~ys EC50 (development 23.1 0 1 nne I et al. 198} 
Strongylocentrotus c hloride to pluteus st~ge) 
pureuralus 

Atlanti c t~rrlng (embryo), Zinc 2 1 17 days Reduced eDbryo >21000 San~sund.v am et al . 
Clupea harengus sui fate vo lume 1964a 

,_. 
At IMt lc herrIng (embryo>, Zinc 21 17 d~ys f~ster yolk >100 Son~sund~MI et al. 0 

0 Clupea h~rengus sui fate utili zatlon 1984o 

Atlanti c harrlng (embryo>, Zinc 21 17 days Sl ower developoumt 6,000 Soraosundarull et at. 
Clupea harengus sulfctte rate 1984a 

Atlantic herring <embryo Zinc 21 27 days Jaw and branch lal >50 SomosundNMI et al. 
and larva), sui fate abnormol I ties 1964a 
Clueea harengus 

Mlantl c herring <larva), Zinc 21 27 days Vertebral >500 Somasundar~WJ et al. 
Clupea harengus sui fate obnor111all t les 1964o 

At I ontl c herring (I or val, Zinc 21 27 doys Decrease In size ~.ooo Somasundaram et ol. 
C l ueea horengus sui fate o f ot lc · capsu I 1964a 

Atlontlc ~rrlng ( !:rv.,) • Zinc 21 27 days Oecreose In &ye/ >6 ,000 Sollasundaram et al. 
Clupea harengus sulfate body length ratio 1964., 
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Teble 6. CC:O.tiAued) 
Sell" tty eo.c.tret loa 

Species C.._ I c. I Ci!kS) Duretto. Effect C1!1/U 8 Refer..c:. 

AtiMtlc herring (larva), Zinc 21 14 days Ul trostructurol >500 SOIIast~tdar • •t al. 
C I upea harengus sui fate changes In brain 1984c ,d 

eel Is and s:lftlot lc 
11uscle tissues 

Cotn saleon (sperm), Zinc 27 60 11ln EC50 ( t..-t II 1- 1,208 Olnnel et ol. 198} 
Oncorhynchus klstuch chloride zatlon success> 

Ra lnbow trout (yearling), Zinc 5.6 46 hr LC50 27,000: Herbert and 
l!!!.2, ga I rdner I sui fate tt. 5 64,000t *ketord 1964 

16.3 64,000t 
24.1 34,000 

AtiMtlc SOIIIOn ( smol t) , Zinc 5.6 46 hr LC50 t Herbert and 16,000t 
Salmo~ sui fate tt. 5 35,000t Wl.tketord t 964 

16.3 32,000t 
24.1 27,000 

M1.11111lchog (adult), Zinc 24 192 hr IOOS surv Ivai 43,~00 Eisler 1967 
Fundulus heteroclltus chi or Ide 

....... 
0 MummtchOg (adult), Zinc 24 48 hr roo• .artollty 157,000 Elst..- 1967 ....... 

fundulus heteroclltus chi or Ide 

MumrolchOg (adult) , Zinc 24 46 hr BCF a 7,643llt,t 157,000 Eisler 1967 
Fundulus heteroclltus chlorIde < ftsh that d led 

dur lng 4teposure) 

Mumm lchOg (adult), Zinc 20 96 hr BCF • 35.61 .... t 36,000 Eisler S\d 
f undu I us heteroc I I tus chloride Gardner t97} 

MUIMIIchOg (adult), Zinc 20 96 hr BCF • 16.83111 ,t 60,000 Eisler and 
fundulus heteroclltus chlorIde Gordner 197} 

MUIMIIChoQ (adult) 1 Zinc 20 96hr 30S .artallty; 60,000 Elster and 
fundulus heteroclltus chlorIde hlstopetholog leal Gordnet' 197l 

lestons In oral 
eplthei)IJII 
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Tabla 6. CContl~tued) 

S~las 

MUtlmlchog (adult) , 
Fundulus heteroclltus 

C~lc:al 

Zinc 
chi or Ide 

SeliA lty 
(g/ltg) 

Coac:•trat Ia. 
DuratiOII Effect cl!sJu• 
14 d!'ys Increased actlv lty 

of I lvr enzY"'e 
2,200 

MUftm lchoq (adult>, Zinc IQ-30 14 days En hanced regeneration ~1 , 000 
F undu I us heteroc I I tus chlorIde o f tall fin ond 

amel tor11ted ef tects 
of 111ethyi •ercury 

MUt~mlchog (embryo>, Zinc 96 lr Amel !orated tarat~ 10,000 
Fundulus heteroclltus chloride gen lc et facts of 

met hy I raercury 

MUtlm lchog ( J uven It e) , Z inc 25 70 days I nh lb I ted seale 76().. 
Fundulus heteroclltus chloride Ceil cl flcatlon 1,100 

MUTmlchog ( J uven II e), 2 Inc 30 56 days BCF • :B.91-240.0 210-
fundulus heteroclltus chloride (seal es) 7,880 

Mosqultoflsh (adult), tttt 
Gambusla attlnls ~. at~u~take 650 

0111 •at one) 
30 120 dzsys 

Mosqultoflsh (adult), tttt 
Gambusla afflnls 

30 120 days Wo .. 45t (~hk' 0111 food a wa er) 
650 

Spot (juvenile) , tttt 
Lelostomus xanthurus 

30 28 days rfo '" 3tJu~fake 
0111 •at one) 

650 

Spot (juvenile), tttt 
30 

Lel ostomus xanthurus 
28 days ?AF • 28 t ( ~takf r0111 food a wa er) 

650 

• Concentration of zinc, not the chemical • 

•• f leld s1'udy. 

••• Converted fr01n dry weight to wet weight basis • 

•••• Static test; concen trations not rneas...-ed. 

t Oer lved from authors' dzsta or qr~tph. 

tt Geometr ic mean o f data from tour stations, but concentr~ttlons In •eSter varied widely. 

ttt 
Animals obh lned trom sediment heavily contam inated with zinc. 

tttt 
Nltrllotrlacet lc cs:ld (NTA) was used to butter the concentration o f z inc Ions. 

Retr•c:a 

Jackl• 1973 

We ls and Wels 1980 

lil81s et ole l981 

Sauer and NC\Iteba 1984 

Souer and Watebe 1984 

~~:.us,~~ 

r~:.us,~~ 

r~:.us,~a 

~~:J!st~~ 
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